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ABSTRACT
A m e th o d  f o r  m easu ring  m ic r o b ia l  d e g ra d a t io n  and m i n e r a l i z a t i o n  o f
14r a d i o l a b e l e d  n a t i v e  c h i t i n  i s  d e s c r i b e d .  C - l a b e l e d  c h i t i n  w as  
s y n t h e s i z e d  in . v iv o  by  in j e c t i n g  shed b lu e  c r a b s  ( C a l l i n e c t e s  s a p id u s )  
w i th  N -ace ty l-D -[* ^ C ]-g lu co sa m in e ,  a llo w in g  f o r  i t s  i n c o r p o r a t i o n  i n t o  
t h e  e x o s k e l e t o n .  The c u t i c l e  had a  t o t a l  o rg a n ic  c o n te n t  o f  0 .4 8  mg C 
mg * w ith  a  s p e c i f i c  r a d i o a c t i v i t y  o f  6762 DPM mg G lu c o sa m in e  i . e .  
c h i t i n  c o n te n t*  as de te rm in ed  c o l o r i m e t r i c a l l y ,  was 22% (w /w ).
Rates o f  c h i t i n  d e g r a d a t io n  and m i n e r a l i z a t i o n  i n  e s t u a r i n e  w a t e r  
a n d  s e d i m e n t s  w ere  d e t e r m i n e d  a s  f u n c t i o n s  o f  te m p e ra tu re *  inoculum  
source* and oxygen c o n d i t i o n .  S i g n i f i c a n t  d i f f e r e n c e s  i n  r a t e s  b e tw e e n  
t e m p e r a t u r e  t r e a t m e n t s  were e v id e n t .  v a lu e s  ranged  from 1 .2  t o  2 .5  
f o r  w ater  and sediment* r e s p e c t i v e l y .  In c re a s e d  in c u b a t io n  t e m p e r a t u r e  
a l s o  r e s u l t e d  in  d e c r e a s e d  l a g  t i m e s  b e f o r e  o n s e t  o f  c h i t i n o c l a s t i c  
b a c t e r i a l  g ro w th  and c h i t i n  d e g r a d a t io n .  The h ig h e s t  r a t e *  284 mg day  * 
g * see d e d  c h i t i n *  o c c u r re d  in  t h e  w a te r  column inoculum a t  25° C. The 
lo w est  r a te *  83 mg day ^ g was found i n  t h e  a n a e r o b i c  mud in o c u lu m  
i n c u b a t e d  a t  15°  C. O ver 95% o f  p a r t i c u l a t e  c h i t i n  degraded  by w a te r  
column b a c t e r i a  was m i n e r a l i z e d  t o  CO^ w i t h  no  a p p a r e n t  l a g  b e tw e e n  
p r o c e s s e s .  No m e a s u r a b l e  d i s s o l v e d  p o o l  o f  r a d i o l a b e l  was p r e s e n t .  
C o n v erse ly *  o n ly  75-80% o f  c h i t i n  d e g r a d e d  b y  s e d im e n t  i n o c u l a  was 
m i n e r a l i z e d .  L a b e l  r e c o v e r i e s  i n  th e  d i s s o lv e d  pool ran g ed  from 6 to  
17%. The a n a e ro b ic  t r e a tm e n t  p o s se s s e d  t h e  h i g h e s t  p o o l  o f  d i s s o l v e d  
o r g a n i c  c a r b o n  due t o  t h e  f e r m e n t a t i o n  o f  c h i t i n  t o  v o l a t i l e  f a t t y  
a c i d s .
* *
V l l
The a n a e r o b i c  p a th w a y  o f  c h i t i n  d e c o m p o s i t io n  by c h i t i n o c l a s t i c  
b a c t e r i a  was examined w i th  an emphasis on e n d p ro d u c t  c o u p l i n g  t o  o t h e r  
b a c t e r i a l  t y p e s .  A c t i v e l y  g ro w in g  c h i t i n o c l a s t i c  b a c t e r i a l  i s o l a t e s  
p ro d u c e d  p r i m a r i l y  a c e t a t e *  h y d r o g e n ,  and  c a r b o n  d i o x i d e  i n  b r o t h  
c u l t u r e .  No s u l f a t e  re d u c in g  o r  m ethanogenic  i s o l a t e s  grew on c h i t i n  as 
s o l e  carbon  so u rce  no r  produced any m e a s u r e a b le  d e g r a d a t i o n  p r o d u c t s .  
M ixed  c u l t u r e s  o f  c h i t i n  d e g r a d e r s  and  s u l f a t e  r e d u c e r s  r e s u l t e d  in  
p o s i t i v e  s u l f i d e  p r o d u c t i o n .  Mixed c u l t u r e s  o f  c h i t i n  d e g r a d i n g  
i s o l a t e s  w i t h  m e th a n o g e n s  r e s u l t e d  i n  t h e  p ro d u c t io n  o f methane w ith  
c o n c u r re n t  r e d u c t io n s  i n  h e a d s p a c e  h y d ro g e n  and c a r b o n  d i o x i d e .  The 
c o m b i n a t i o n  o f  a l l  t h r e e  m e ta b o l i c  ty p e s  r e s u l t e d  i n  th e  s im u ltan eo u s  
p ro d u c t io n  o f  methane and s u l f i d e .  More methane was p r o d u c e d  i n  m ixed 
c u l t u r e s  c o n t a i n i n g  C O ^ -re d u c in g  methanogens and a c e t o c l a s t i c  s u l f a t e  
r e d u c e r s  due to  l e s s  i n t e r s p e c i f i c  hydrogen c o m p e t i t io n .
DEGRADATION AND MINERALIZATION OF CHITIN IN AN ESTUARY
INTRODUCTION
C h i t i n ,  t h e  m a jo r  s t r u c t u r a l  com p o n en t o f  m o s t  i n v e r t e b r a t e  
s p e c i e s ,  i s  t h e  m o s t  a b u n d a n t  b io p o ly m e r  p ro d u c e d  i n  t h e  m a r i n e  
env ironm ent.  J o h n s to n e  (1 9 0 8 )  e s t i m a t e d  t h a t  c o p e p o d s  i n  t h e  w o r ld
o c e a n s  g e n e r a t e  s e v e r a l  b i l l i o n  m e t r i c  t o n s  o f  c h i t i n  a n n u a l l y .
11 9Compared to  th e  10 to n s  p e r  y e a r  o f  c e l l u l o s e  p ro d u c e d  g l o b a l l y ,  10
t o n s  o f  c h i t i n  f r o m  o n e  c r u s t a c e a n  o r d e r  i s  i m p r e s s i v e  i n  i t s
c o n t r i b u t i o n  to  th e  t o t a l  unknown c h i t i n  p o o l .  J e r d e  and L a s k e r  (1 9 6 6 )
i n d i r e c t l y  e s t i m a t e d  t h a t  t h e  p o p u l a t i o n  o f  a  s i n g l e  p l a n k t o n i c
c r u s t a c e a n ,  Eup h a u s ia  p a c i f i c a . p roduces  10^ -  10^ t o n s  o f  m o l t  c h i t i n
p e r  y e a r .  A n d e rso n  e t .  a l .  (1 9 7 8 )  showed t h a t  t h e  s t a n d i n g  s t o c k
biom ass o f  k r i l l ,  Eup h a u s i a  s u p e r b a . c a n  p r o d u c e  96 m i l l i o n  t o n s  o f
c h i t i n  p e r  y e a r ,  n o t  c o u n t in g  m olt p ro d u c t io n .  Such a  m ass ive  amount o f
carbon  must be  accoun ted  f o r  i f  we, a s  e c o l o g i s t s ,  a r e  t o  a t t e m p t  any
mass b a la n c e  approach  to  ecosystem  a n a l y s i s .
ZoBell and R i t te n b e r g  (1938) su g g es te d  t h a t  c h i t i n  must be  r e c y c le d  
b y  e x i s t i n g  o r g a n i s m s  b e c a u s e  l i t t l e  accum ula ted  in  m arine  se d im e n ts .  
Such an accu m u la tio n  would r a p i d l y  d e p l e t e  th e  o c e a n ic  c a r b o n / n i t r o g e n  
p o o l .  C h i t i n  b re a k d o w n  i s  t h e  com bined  r e s u l t  o f  b o th  p h y s ic a l  and 
b i o l o g i c a l  a c t i o n s .  M e c h a n ic a l  f o r c e s  c a u s e  r e d u c t i o n s  i n  p a r t i c l e  
s i z e ,  w h e r e a s  e n z y m e s  a r e  r e q u i r e d  t o  e f f e c t  d e g r a d a t i o n  a n d  
m i n e r a l i z a t i o n .  In  t h i s  p ap e r  th e  te rm  d e g r a d a t i o n  i s  d e f i n e d  a s  t h e  
l o s s  o f  r e c o v e r a b l e  p a r t i c u l a t e  c h i t i n .  M i n e r a l i z a t i o n  i s  u sed  t o  
d en o te  com ple te  r e c y c l in g  o f  c h i t i n  t o  i t s  in o rg a n ic  c o n s t i t u e n t s .
A t t e m p ts  t o  m easure c h i t i n  d e g ra d a t io n  r a t e s  have met w i th  v a ry in g  
s u c c e s s .  P r e v i o u s  d e t e r m i n a t i o n s  o f  c h i t i n  d e g r a d a t i o n  r a t e s  h a v e
3u t i l i z e d  e i t h e r  g ra v im e tr ic  (S e k i ,  1965a, b ;  L i s to n  e t  a l . ,  1965; Chan, 
1970; Hood, 1973; Hood and Meyers, 1977; K a to r ,  1979; L i s t e r ,  1979) o r  
c o l o r i m e t r i c  m e th o d s  ( E l s o n  and  M organ, 1933 ; R e i s s i g  e t  a l * ,  1955; 
B r i n e ,  1 9 7 8 ) .  G r a v i m e t r i c  m e th o d s  a r e  c o m p l i c a t e d  b y  t h e  n e e d  t o  
measure s u b s t r a t e  d isap p e a ra n ce  and th e  n e c e s s i t y  of u s in g  la rg e  amounts 
o f  c h i t i n  t o  d e t e c t  s i g n i f i c a n t  l o s s e s  i n  w e ig h t*  A l th o u g h  i t  i s  
assum ed t h a t  w e ig h t  I o s b  i n  t h e  reco v ered  p a r t i c u l a t e  f r a c t i o n  i s  th e  
r e s u l t  of c h i t i n  d e g ra d a t io n ,  in  f a c t ,  lo s s  may be due t o  d i f f e r e n t i a l  
d e g r a d a t i o n  o f  a s s o c ia te d  p r o t e i n ,  d i s s o l u t i o n  o f  m in e ra l  s a l t s ,  o r  th e  
e f f e c t  o f  r e d u c e d  p a r t i c l e  s i z e  on  s u b s t r a t e  r e c o v e r a b i l i t y .  
F u r t h e r m o r e ,  i t  i s  p o s s ib l e  t h a t  th e  u se  o f  r e l a t i v e l y  l a r g e  amounts of 
s u b s t r a t e  (1 0 0  -  500 mg) c o u ld  a f f e c t  r a t e  k i n e t i c s  a s  i t  d o e s  i n  
h e t e r o t r o p h i c  u p t a k e  e x p e r i m e n t s  ( W r i g h t  a n d  B u r n i s o n ,  1 9 7 9 ) .  
C o lo r im e tr ic  d e te rm in a t io n s  o f  c h i t i n  a r e  s u b j e c t  t o  i n t e r f e r e n c e  by  
o t h e r  am ino—s u g a r s  p r e s e n t  in  m icroorgan ism s, th e  p re sen ce  of d i v a l e n t  
c a t i o n s ,  and e s p e c i a l l y  by o rg an ic  s u l f u r  compounds fo u n d  in  p r o t e i n s  
and reduced sedim ents  (R oleau , 1980). F i n a l l y ,  n e i t h e r  c o lo r im e t r i c  n o r  
g ra v im e tr ic  methods can  h e  used to  measure m in e r a l i z a t i o n .
T here  a r e  d i s c r e p a n c i e s  betw een s tu d ie s  o f  th e  type  and t r e a tm e n t  
o f  th e  seeded c h i t i n .  R ates  have been  d e r iv e d  u s in g  d i f f e r e n t  c h e m ic a l  
f o r m s ,  s p e c i e s  t y p e s ,  and  p a r t i c l e  s i z e s  o f  c h i t i n o u s  s u b s t r a t e  
(Johnson , 1931; S ek i ,  1965a ,b ; Hood, 1973; Hood and Meyers, 1 9 7 7 ) .  Not 
a l l  c h i t i n  i s  th e  same, i t s  secondary  co n fo rm a tio n  i s  s p e c ie s  dependent 
(T racey ,  1 9 5 7 ) .  The two b a s ic  ty p e s ,  a lp h a  and b e t a ,  p o s s e s s  p h y s i c a l  
p r o p e r t i e s  t h a t  v a r y  c o n s i d e r a b l y  i n  te rm s  o f  s t r u c t u r e  and fu n c t io n  
( M u z z a re l l i ,  1 9 7 7 ) .  C h i t i n  c o n t e n t  o f  t h e  a r t h r o p o d  c u t i c l e  v a r i e s  
a c c o r d in g  t o  m olt s t a g e  and an a to m ica l  p a r t  (B r in e ,  1978; Armstrong and
4S tevenson , 1 9 7 9 ) .  There  a r e  a l s o  d i f f e r e n c e s  i n  p r o t e i n  and m i n e r a l  
c o n t e n t  a s s o c i a t e d  w i t h  t h e  c u t i c l e  o f  i n d iv id u a l  organism s t h a t  may 
p la y  a  p a r t  i n  i n h i b i t i n g  o r  a i d i n g  d e c o m p o s i t i o n  ( M u z z a r e l l i ,  1977 ; 
A rm s tro n g  and S t e v e n s o n ,  1 9 7 9 ; T ig h  and  D e n d in g e r ,  198 2 ).  Hood and 
Meyers (1977) r e p o r te d  t h a t  d e m in e ra l iz e d  and d e p r o t e i n i z e d  c h i t i n  was 
s i g n i f i c a n t l y  more r e c a l c i t r a n t  th a n  n a t i v e  c h i t i n  and t h a t  th e  r a t e  o f  
d e g ra d a t io n  was i n v e r s e ly  r e l a t e d  to  p a r t i c l e  s i z e .
T a b l e  1 sh o w s  r a t e s  o f  c h i t i n  d e g r a d a t i o n  o b t a i n e d  f ro m  t h e  
l i t e r a t u r e .  R e p o r te d  r a t e s  d e p e n d  on  e x p e r i m e n t a l  d e s i g n s  a n d  
i n c u b a t i o n  c o n d i t i o n s *  Only Hood (1973) sought to  p ro v id e  com parisons 
betw een e x p e r im e n ta l  d e s ig n s .  Using c h i t i n  e n c lo s e d  i n  m esh b a g s  i n  a 
s a l t  m a rsh  c r e e k  w a t e r  c o lu m n ,  she  found t h a t  I n  s i t u  r a t e s  of c h i t i n  
d e g ra d a t io n  were maximized by  1) i n c r e a s e d  t e m p e r a t u r e ,  2 ) i n c r e a s e d  
p r o x i m i t y  t o  s e d i m e n t s ,  3) in c re a s e d  amount o f  i n i t i a l  c h i t i n  s ee d ,  4) 
d e c r e a s e d  c h i t i n  p a r t i c l e  s i z e ,  and 5 ) u s e  o f  n a t i v e  v s .  p u r i f i e d  
c h i t i n .  Such r e s u l t s  su g g e s t  t h a t  p u re  c u l t u r e ,  i n  v i t r o  s tu d ie s  u s in g  
p u r i f i e d  c h i t i n  do n o t  p o r t r a y  an  a c c u r a t e  p i c t u r e  o f  e x i s t i n g  r a t e  
p ro c e s s e s  i n  t h e  env ironm ent.
C h i t i n  and  c e l l u l o s e  a r e  t h e  m a j o r  s t r u c t u r a l  p o l y m e r s  i n  
i n v e r t e b r a t e s  a n d  p l a n t s  r e s p e c t i v e l y .  B o th  a r e  p o l y s a c c h a r i d e s  
composed o f B { l - 4 } - l in k e d  monomers o f  N -ace ty l-D -g lu co sam in e  in  t h e  c a se  
o f  c h i t i n ,  o r  g l u c o s e  i n  c e l l u l o s e .  B i o s y n t h e s i s  o f  c h i t i n  and  
c e l l u l o s e  p r o c e e d s  v i a  p a r a l l e l  e n z y m a t i c  p a t h w a y s  ( P a h l i c  a n d  
S t e v e n s o n ,  1978) a s  does a e ro b ic  d e g ra d a t io n  by b a c t e r i a  (O kafo r ,  1966; 
B urns , 1 9 8 2 ) .  I t  i s  n o t  known how much o f  t h e  t o t a l  p r o d u c t i o n  o f  
c h i t i n  i s  i n c o r p o r a t e d  i n t o  a n a e r o b i c  h a b i t a t s ,  b u t  th e  amount co u ld  
c o n c e iv a b ly  be  s u b s t a n t i a l  b ecau se  i t s  p a r t i c u l a t e  n a t u r e  f a v o r s  r a p i d
T a b le  1 . C h i t i n  d e g r a d a t io n  r a t e  c o m p ariso n s
R esearch e r D e g rad a t io n  R ate Sediment S i t e
E uxe .C u ltu re .R atf is .
SekiC1965a, b) 3 .0  mg day"1 109 c e l l s " 1 @ 25°C A buratsubo I n l e t
Chan (1970) 2 .1  mg day"1 109 c e l l s " 1 @ 22°C P uget Sound
Hood (1973) 3 .8  mg day"1 109 c e l l s " 1 @ 22°C B a r a t a r i a  Bay
H issd- C u l tu re J t f l t f ia
K a to r  (1979) 5 .6  mg day"1 4x10® c e l l s " 1 @ 22°C A t l a n t i c  S h e lf
L i s t e r  (1979) 6 .0  mg day"1 3x10® c e l l s " 1 @ 22°C A t l a n t i c  S h e lf
In-JTitEO-Ratea
S ek i (1965a , b) 50 mg month 1 @ 22°C A buratsubo I n l e t
Hood (1973) 47 mg month 1 @ 22°C B a r a t a r i a  Bay
L i s t e r  (1979) 1 .6  mg day 1 6x10^ c e l l s  @ 12°C A t l a n t i c  S h e lf
S im ulated  Seabed Model
L i s to n ,  e t  a l .  
(1965)
18 .8  mg day 1 g seeded c h i t i n  1 Puget Sound
It 4 .6  mg day 1 g seeded  c h i t i n  1 C o a s ta l
In . Situ_ R ates
Hood (1973) 35-118 mg day 1 g seeded  c h i t i n B a r a t a r i a  Bay
6s e d i m e n t a t i o n  and b e c a u s e  i t  o ccu rs  in  many b e n th ic  organisms (ZoBell 
and R i t te n b e r g ,  1938)*
The o c c u r r e n c e  o f  a n a e r o b i c  c h i t i n  d e g r a d a t io n  has been  l a r g e ly  
ignored  in  th e  l i t e r a t u r e .  A s tudy  by A l s h i n a  (1 9 3 8 )  showed t h a t  t h e  
amendment o f  c h i t i n  t o  a n o x ic  sed im ents  s t im u la te d  s u l f a t e  red u c tio n *  
le a d in g  t h e  a u t h o r  t o  c o n c lu d e  t h a t  s u l f a t e  r e d u c i n g  b a c t e r i a  w ere  
r e s p o n s i b l e  f o r  a n a e r o b i c  c h i t i n  c y c l in g .  B i l l y  (1968) and Timmis e t  
a l .  (1 9 7 4 )  h av e  shown t h a t  c e r t a i n  c l o s t r i d i a  c a n  c o l o n i z e  and u s e  
c h i t i n  a s  a  c a r b o n  s o u r c e .  I n  c o n t r a s t *  t h e  am ount o f  in f o r m a t io n  
concern ing  an aerob ic  c e l l u l o l y s i s  i s  immense* m o s t ly  due  to  w ork  w i th  
th e  rumen system (Hungate* 1985).
Because no com prehensive s t u d y  r e l a t i n g  c h i t i n  d e g r a d a t i o n  w i th  
m in e r a l i z a t i o n  or m e tab o lic  endproduct co u p lin g  e x i s t s ,  i t  was my in t e n t  
to  ad d re ss  t h i s  problem. I t  was h y p o t h e s i z e d  t h a t :  1) c h i t i n  c a n  b e  
s p e c i f i c a l l y  r a d i o l a b e l e d  i n  q u a n t i t i e s  n e c e s s a r y  f o r  r e p l i c a t e  
in c u b a t io n  ex p e r im en ts*  2) d e g r a d a t i o n  a s  w e l l  a s  m i n e r a l i z a t i o n  o f  
c h i t i n  c a n  be  measured in  w a te r  and sedim ent system s by s e l e c t i v e  la b e l  
recovery* 3) r a t e s  o f  c h i t i n  d e g ra d a t io n  and m in e r a l i z a t i o n  a r e  a f f e c t e d  
by ex o g en o u s  f a c t o r s  su ch  a s  tem pera tu re*  inoculum source* and oxygen 
c o n d i t io n ,  4) c h i t i n  i s  broken down by an ae ro b ic  s e d im e n t  b a c t e r i a *  5) 
t h e  p r o d u c t s  o f  c h i t i n  f e r m e n t a t i o n  a r e  b e  c o m p a ra b le  to  t h o s e  o f  
c e l l u l o l y s i s  and  may b e  c o u p le d  v i a  i n t e r s p e c i e s  t r a n s f e r  t o  b o t h  
s u l f a t e  r e d u c t io n  and m ethanogenesis .
C hapter 1 ad d re sses  th e  f i r s t  and second h y p o th e s e s .  The r e s u l t s  
were p u b l ish e d  in  M ic ro b ia l  Ecology (Boyer and Kator* 1985). In  C hapter 
2 h y p o t h e s e s  3 and  4 w e r e  t e s t e d  ( s u b m i t t e d  t o  L i m n o lo g y  a n d  
Oceanography). The u t i l i z a t i o n  o f  c h i t i n  by a n ae ro b ic  sedim ent b a c t e r i a
7was examined in  C hapter 3 (B oyer, 1986)* F i n a l l y ,  th e  r e s u l t s  o f  t h e s e  
s e p a r a te  experim ents  a r e  combined and d is c u s se d  in  term s o f a  co n cep tu a l  
model o f  c h i t i n  c y c l in g  in  th e  e s tu a r in e  system .
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CHAPTER 1
Method f o r  m easuring m ic ro b ia l  d e g ra d a t io n  and m in e r a l i z a t i o n  o f  
14C -la b e le d  c h i t i n  from th e  b lu e  c r a b s C a l l i n e c t e s  s a p id u s .
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A b s t r a c t *  A m e th o d  f o r  m e a s u r i n g  m i c r o b i a l  d e g r a d a t i o n  and
14m in e r a l i z a t i o n  o f  r a d io la b e l e d  n a t iv e  c h i t i n  i s  d e sc r ib e d .  C - l a b e l e d
c h i t i n  was sy n th e s iz e d  i n  v iv o  by in j e c t i n g  shed b lu e  c ra b s  (C a l l i n e c t e s
sa p - id n s ) w i t h  N - a c e t y l - D - [ 1 - ^ C  ] - g  l u c o s a m i n e , a l l o w i n g  f o r  i t s
i n c o r p o r a t i o n  i n t o  t h e  e x o s k e l e t o n .  The c u t i c l e  had a  t o t a l  o rg an ic
carb o n  c o n te n t  o f  0 .4 8  mg C mg  ^ w ith  a  s p e c i f i c  r a d i o a c t i v i t y  o f  6356
CFM mg G l u c o s a m i n e ,  i . e .  c h i t i n  c o n t e n t  a s  d e t e r m i n e d
c o l o r i m e t r i c a l l y ,  w as  22% ( w / w ) .  M i c r o b i a l  d e g r a d a t i o n  a n d
m i n e r a l i z a t i o n  r a t e s  were a s se s se d  in  b a tc h  c u l t u r e  u s in g  ^ C - c h i t i n  as
s u b s t r a t e  and York R iv e r  w a t e r  a s  in o c u lu m .  R e p l i c a t e  f l a s k s  w e re
s a m p l e d  d a i l y  f o r  e n u m e r a t io n  o f  c h i t i n o c l a s t i c  b a c t e r i a  and t h e
14 14r a d i o l a b e l  reco v ered  as p a r t i c u l a t e  C - c h i t in  o r  COg. amount
14COg g e n e r a t e d  was d i r e c t l y  p r o p o r t i o n a l  to  th e  lo s s  o f  p a r t i c u l a t e
14C - c h i t i n  w ith  96% o f  t h e  added  l a b e l  r e c o v e r e d  a s  t h e  sum o f  b o t h
p h a s e s .  The maximum r a t e  of m in e r a l i z a t i o n  was 207 mg day * g * seeded
14 oC - c h i t i n  a t  20 C. H i g h e s t  c h i t i n o c l a s t i c  b a c t e r i a l  c o u n t s
c o r r e s p o n d e d  t o  t h e  p e r i o d  o f  maximum r a t e  o f  c h i t i n o l y s i s . I t  i s
s u g g e s t e d  t h a t  t h e  r a t e  o f  c h i t i n  m i n e r a l i z a t i o n  i s  l i m i t e d  by
exoenzymatic d e p o ly m e r iz a t io n  and no t by c h i t i n  c o n c e n t r a t io n .
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In tro d u c tio n
C h i t i n *  t h e  m a j o r  s t r u c t u r a l  com ponen t o f  f u n g a l  c e l l  w a l l s  and 
a r th ro p o d  e x o s k e le to n s ,  i s  th e  second most abundant form o f  p o ly m e r i z e d  
c a r b o n  fo u n d  i n  n a t u r e  [ 2 * 9 ] .  I t  has been  e s t im a te d  t h a t  one b i l l i o n  
m e tr ic  to n s  of c h i t i n  a r e  produced each  y e a r  by p la n k to n ic  copepods [ 8 ] .  
Thus* i t  i s  p o s s i b l e  t h a t  t h e  y e a r l y  t o t a l  amount s y n th e s iz e d  in  t h e  
b io s p h e r e  co u ld  approach  o r  equal th e  annual p ro d u c t io n  o f  10** t o n s  o f  
c e l l u l o s e  [ 6 * 1 5 ] .  C o n s i d e r i n g  t h e  a b u n d a n c e  o f  c h i t i n  i n  m a r in e  
en v iro n m en ts ,  s u r p r i s i n g l y  l i t t l e  i s  known o f  i t s  d e g ra d a t io n  r a t e s  and  
m e ta b o l ic  p r o d u c ts .
C h i t i n  b re a k d o w n  i s  t h e  com bined  r e s u l t  o f  b o t h  p h y s i c a l  a n d  
b i o l o g i c a l  a c t i o n s .  M e c h a n ic a l  f o r c e s  c a u s e  r e d u c t i o n s  in  p a r t i c l e  
s i z e ;  enzymes a r e  r e q u i r e d  t o  e f f e c t  d e g r a d a t i o n  and  m i n e r a l i z a t i o n  
[ 1 8 ] .  I n  t h i s  p a p e r  t h e  te rm  d e g r a d a t i o n  i s  d e f i n e d  as  th e  l o s s  o f  
r e c o v e r a b l e  p a r t i c u l a t e  c h i t i n .  M i n e r a l i z a t i o n  i s  u s e d  t o  d e n o t e  
com ple te  r e c y c l in g  o f  c h i t i n  to  i t s  in o rg a n ic  c o n s t i t u e n t s .
P rev io u s  s t u d i e s  o f  c h i t i n  d e g ra d a t io n  r a t e s  h a v e  u t i l i z e d  e i t h e r  
g r a v i m e t r i c  [7 * 9 * 1 3 * 1 4 ]  o r c o l o r im e t r i c  methods [ 3 , 5 , 1 1 ] .  G ra v im e tr ic  
methods a r e  co m p lica ted  by th e  need t o  m easure s u b s t r a t e  d i s a p p e a r a n c e  
and th e  n e c e s s i t y  o f  u s in g  l a r g e  amounts o f  c h i t i n  t o  d e t e c t  s i g n i f i c a n t  
l o s s e s  i n  w e i g h t .  A l th o u g h  i t  i s  a ssum ed  t h a t  w e i g h t  l o s s  i n  t h e  
r e c o v e r e d  p a r t i c u l a t e  f r a c t i o n  i s  th e  r e s u l t  o f  c h i t i n  d eg rad a tio n *  in  
fa c t*  l o s s  may b e  due to  d i f f e r e n t i a l  d e g ra d a t io n  o f  a s s o c i a t e d  p r o t e i n ,  
d i s s o l u t i o n  o f  m in e ra l  s a l t s *  o r  th e  e f f e c t  o f  reduced  p a r t i c l e  s i z e  on 
s u b s t r a t e  r e c o v e r a b i l i t y .  F u r th e rm o re ,  i t  i s  p o s s i b l e  t h a t  t h e  u s e  o f  
r e l a t i v e l y  l a r g e  am ounts o f  s u b s t r a t e  (100 -  500 mg) cou ld  a f f e c t  r a t e
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k i n e t i c s  a s  i t  d o e s  i n  h e t e r o t r o p h i c  u p t a k e  e x p e r i m e n t s  [ 1 7 ] *  
C o l o r i m e t r i c  d e t e r m i n a t i o n s  o f  c h i t  i n  a r e  s u b je c t  to  i n t e r f e r e n c e  by 
o th e r  am ino-sugars  p r e s e n t  in  m icroorgan ism s, th e  p r e s e n c e  o f  d i v a l e n t  
c a t i o n s ,  and  e s p e c i a l l y  by  o rg a n ic  s u l f u r  compounds found in  p ro te inB  
and r e d u c e d  s e d im e n ts  [ 1 2 ] .  F i n a l l y ,  n e i t h e r  c o l o r i m e t r i c  n o r  
g ra v im e tr ic  methods can b e  used to  measure m i n e r a l i z a t i o n .
P rev io u s  d e te rm in a t io n s  o f  c h i t i n  d e g r a d a t i o n  hav e  b e e n  d e r i v e d  
u s i n g  d i f f e r e n t  c h e m ic a l  f o r m s ,  s p e c i e s  ty p e s ,  and p a r t i c l e  s i z e s  of 
c h i t i n o u s  s u b s t r a t e  [ 7 , 8 , 1 3 , 1 4 ] .  Not a l l  c h i t i n  i s  t h e  sam e ; i t s  
s e c o n d a r y  confo rm ation  i s  s p e c ie s  dependent [1 5 ] .  The two b a s ic  ty p e s ,  
a lp h a  and b e t a ,  p o s se s s  p h y s ic a l  p r o p e r t i e s  t h a t  v a r y  c o n s i d e r a b l y  i n  
te rm s  o f  s t r u c t u r e  and f u n c t io n  [1 0 ] .  C h i t in  c o n te n t  o f  th e  a r th ro p o d  
c u t i c l e  was found t o  v a ry  acco rd ing  to  m o l t  s t a g e  and a n a t o m i c a l  p a r t  
[ 1 , 3 ] .  T h e re  a r e  a l s o  d i f f e r e n c e s  in  p r o t e i n  and m i n e r a l  c o n t e n t  
a s s o c ia te d  w ith  th e  c u t i c l e  o f  in d iv id u a l  organisms t h a t  may p la y  a  p a r t  
i n  i n h i b i t i n g  o r  a i d i n g  d e c o m p o s i t io n  [ 1 , 1 0 ] .  Hood and  M eyers [7] 
r e p o r te d  t h a t  d e m in e ra l ize d  and d e p ro te in iz e d  c h i t i n  was s i g n i f i c a n t l y  
m ore r e c a l c i t r a n t  th a n  n a t i v e  c h i t i n  and t h a t  th e  r a t e  o f  d e g ra d a t io n  
was in v e r s e ly  r e l a t e d  to  p a r t i c l e  s i z e .
I n  v ie w  o f  th e  l i m i t a t i o n s  and u n c e r t a i n t i e s  o f  th e  aforem entioned
te c h n iq u e s ,  a method f o r  m easuring  n a t iv e  c h i t i n  d e g ra d a t io n ,  p o s se s s in g
b o t h  s e n s i t i v i t y  and s p e c i f i c i t y ,  was s o u g h t .  The method d e sc r ib e d
14h e r e in  documents th e  s y n th e s is  j j i  v ivo  of C - la b e le d  b l u e  c r a b  c h i t i n  
( ^ C - c h i t  i n )  and i t s  u s e  i n  m ic r o b ia l  d e g r a d a t io n /m in e r a l i z a t io n  r a t e  
d e te r m in a t io n s .
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Methods
14B io s y n th e s is  and - C h a r a c t e r i z a t i o n  o f  C - c h i t i n .
P e e l e r  b l u e  c r a b s ,  i . e .  c r a b s  j u s t  b e g in n in g  e c d y s i s ,  were o b ta in e d  by  
o t t e r  t r a w l  in  t h e  lo w e r  Y ork  R i v e r ,  V i r g i n i a .  C rab c h e l a p e d s  w ere  
" n i c k e d "  o r  h y p e r e x te n d e d  t o  p r e v e n t  c a n n a b a l i s m  b e f o r e  p la c in g  th e  
c ra b s  i n  a  f lo w - th r o u g h  h o l d i n g  t a n k .  Upon s h e d d in g  t h e  c r a b s  w e re  
a n a e s t h e t i z e d  u s i n g  i c e ,  b l o t t e d  d r y ,  s e x e d ,  and  w e ig h e d .  Using a 
m o d if ied  method o f  Armstrong and S tevenson  [ 1 ] ,  c r a b s  were i n j e c t e d  w ith  
2 u l  g * body  w e ig h t  o f  0 . 1  u C i  u l  ^ c h i t i n  p r e c u r s o r  N -a c e ty l -D -E l-  
^ C ] -g lu c o s a m in e  (Amersham C o rp . ,  A r l in g to n  H e ig h ts ,  1L ). The i n j e c t i o n  
was made d o r s a l l y ,  o f f - m id l in e  in to  th e  c e p h a lo th o ra c ic  hem ocoel. Crabs 
were r e tu r n e d  t o  t h e  h o ld in g  ta n k  to  a l lo w  f o r  l a b e l  i n c o r p o r a t i o n  i n t o  
t h e  e x o s k e l e t o n  a n d  t h e n  s a c r i f i c e d  by f r e e z i n g  t e n  h o u r s  a f t e r  
i n j e c t i o n .
F r o z e n  c r a b s  w e re  th aw ed  and e v i s c e r a t e d .  U sin g  s c a l p e l  and
fo rc e p s  th e  in n e r  membrane was p ee led  and sc rap ed  from th e  n ew ly  fo rm ed
c h i t i n .  C h i t i n  was s o n ic a te d  in  T r i t o n  X100 (S igm a, S t .  L o u is ,  MO) to
remove any a d v e n t i t i o u s  p r o t e i n ,  soaked and r i n s e d  i n  d i s t i l l e d  w a t e r ,
d e c o l o r i z e d  i n  95% e t h a n o l ,  a i r  d r i e d ,  and s i e v e d  t o  p a r t i c l e  s i z e
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betw een 0 .5  and 1 .0  mm . The g lu c o s a m in e  c o n t e n t  o f  t h e  c u t i c l e  was 
d e te rm in ed  u s in g  th e  c o l o r im e t r i c  method o f  B r in e  [ 3 ] .
S p e c i f i c  a c t i v i t y  was de te rm ined  by com busting a  p rew eighed  amount
14of C - c h i t i n  in  an  in d u c t io n  fu rn a c e  (LECO model 5 2 1 ) .  Evolved CO  ^ was 
p assed  th rough  a  Beckman 215A i n f r a r e d  g a s  a n a l y z e r  t o  m e a s u r e  t o t a l  
o r g a n i c  c a r b o n  (TOC) and t r a p p e d  b y  b u b b l in g  th ro u g h  a s c i n t i l l a t i o n
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14v i a l  c o n ta in in g  10 ml o f  CO^ a b s o r b i n g  c o c k t a i l  (0 x y 6 o rb -C 0 2 , New
E ng land  N u c l e a r ,  B o s to n ,  MA). R eco v e ry  e f f i c i e n c y  f o r  t h e  o v e r a l l
14p r o c e d u r e  was d e te r m in e d  b y  c o m b u s t in g  and t r a p p i n g  a C - g l u c o s e
s t a n d a r d  o f  known s p e c i f i c  a c t i v i t y .  The samples were counted  i n  th e  
14t o t a l  C window o f  a Beckman 150 l i q u i d  s c i n t i l l a t i o n  c o u n t e r .  
Counting e f f i c i e n c y  was de term ined  us in g  th e  e x te r n a l  s ta n d a rd  r a t i o .
S p e c i f i c i t y  o f  l a b e l in g  was assayed  by s u b j e c t i n g  a 100 mg sam p le  
t o  h a r s h  p u r i f i c a t i o n ,  t r e a t i n g  f i r s t  w ith  2 N HC1 and th en  1 N NaOH. 
The d e c a l c i f i e d  and d e p ro te in iz e d  c h i t i n  was then  combusted and c o u n te d  
as  b e fo re .
14— C - c h i t in  D e g ra d a t io n /M in e ra l iz a t io n  F la s k s .
14Ten mg o f  C - c h i t i n  and 90 ml o f  raw York R iver  w a te r  (YRW) were 
e a c h  added  t o  t h i r t y - s i x  250 ml f l a s k s  and a u t o c l a v e d .  R e p l i c a t e  
t r e a t m e n t  f l a s k s  r e c e iv e d  10 ml of raw YRW inoculum, c o n t r o l s  r e c e iv e d  
10 ml s t e r i l e  YRW. A l l  f l a s k s ,  in c lu d in g  s t e r i l e  c o n t r o l s ,  w ere  s e a l e d  
w i t h  b u t y l  r u b b e r  s t o p p e r s  and  i n c u b a t e d  a t  20°C on a  r o t a r y  shaker  
t a b l e  @ 150 rpm. F la s k  headspace  (150 ml) c o n ta in e d  s u f f i c i e n t  oxygen  
to  in s u re  a e r o b io s i s  a t  th e  low s u b s t r a t e  c o n c e n t r a t io n  employed.
At s e l e c t e d  i n t e r v a l s ,  t h r e e  t r e a t e d  f l a s k s  p lu s  one c o n t r o l  f l a s k  
were chosen a t  random. C h i t i n o c l a s t i c  b a c t e r i a  were enumerated from one 
o f th e  t r e a t e d  f l a s k s  by removing 1 ml o f  w a te r  w i t h  a s t e r i l e  s y r i n g e  
f o r  i n o c u l a t i o n  o f  a m o s t-p ro b a b le -n u m b e r  s e r i e s  (MPN) u s in g  a medium 
c o n s i s t i n g  o f  1 1 f i l t e r e d  aged YRW, 1 g (NH^J^SO^, 0 .1  g KgHPO^, and 
2 . 5  g b a l l - m i l l e d  c h i t i n  (Calbiochem, San D iego, CA) as th e  on ly  added
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c arbon  s o u rc e .  MPN tu b es  were re a d  a t  two weeks and c o n s id e re d  p o s i t i v e  
i f  t u r b i d .
Each o f th e  f l a s k s  was th e n  in j e c t e d  w ith  2 ml o f  5 N H^SO^ t o  s to p  
b i o l o g i c a l  a c t i v i t y  and  t o  v o l a t i l i z e  d i s s o lv e d  CO^. Two v a c u ta in e r  
n e e d le s t one connected  by tu b in g  to  a tank  o f  n i t r o g e n  and th e  o t h e r  t o  
a b u b b l e r  i n  a s c i n t i l l a t i o n  v i a l  c o n t a i n i n g  10 ml o f  C O ^-trap p in g
c o c k t a i l  w e re  f o r c e d  th r o u g h  t h e  s t o p p e r .  F l a s k s  w ere  p u rg e d  w i t h
-1 14n i t r o g e n  a t  a flow r a t e  o f  50 ml min f o r  10 min and th e  CO  ^ trap p e d
i n  t h e  s c i n t i l l a t i o n  c o c k t a i l  a s  p r e v i o u s l y  d e s c r i b e d .  T r a p p i n g
e f f i c i e n c y  was d e te rm in e d  by a p ro c e ss  o f  a c id i f y in g  a d i l u t i o n  s e r i e s
14 14o f  NaH CO^  and t r a p p in g  th e  evolved
Each purged f l a s k  was th en  opened and th e  c o n te n t s  f i l t e r e d  th rough
a Whatman GF/A g l a s s  f i b e r  f i l t e r .  The f i l t e r  w as  a i r  d r i e d  a n d
14co m b u sted  i n  t h e  LECO in d u c t io n  fu rnace*  Evolved CO^ was t ra p p e d  as 
p re v io u s ly  d e sc r ib e d  by bubb ling  th rough  s c i n t i l l a t i o n  c o c k t a i l .
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R e s u l t s
P.urifisatioa and Characterisation nJL 1^Crchitin»
A t o t a l  of s i x  b lu e  c r a b s  were i n j e c t e d  w i th  r a d io l a b e l e d  p r e c u r s o r  
y i e l d i n g  ab o u t n ic e  grams o f  c lea n e d  c u t i c l e *  G lu c o sa m in e  c o n t e n t  was 
0 .2 2  mg mg * c u t i c l e .  This  compared f a v o ra b ly  w ith  B r i n e 's  v a lu e  o f  14- 
21% c h i t i n  c o n t e n t  i n  b l u e  c r a b s  d u r i n g  e a r l y  p o s t m o l t  s t a g e  [ 3 ] .  
C o m b u s t io n  o f  a s e r i e s  o f  p re w e ig h e d  am o u n ts  o f  ^ C - c h i t i n  showed 
l i n e a r i t y  betw een w e ig h t  and r a d i o a c t i v i t y  (r^ = 0 .9 6 1 )  re c o v e re d  as 
w i t h  a  s l o p e  o r  s p e c i f i c  a c t i v i t y  o f  6356.4  CPM mg  ^ c u t i c l e  ( F ig .  1 ) .
The amount o f  TOC i n  t h e s e  same s a m p le s  was a l s o  l i n e a r  w i t h  w e ig h t
2 —1 ( r  = 0 . 9 5 8 ) ,  r e s u l t i n g  i n  a  s p e c i f i c  TOC c o n t e n t  o f  0 .4 8  mg C mg
c u t i c l e  ( F ig .  1 ) .  Mass b a la n c e  c a l c u l a t i o n s  in d ic a te d  th e  e f f i c i e n c y  o f
l a b e l  in c o r p o r a t io n  i n t o  th e  c u t i c l e  was b e t t e r  th a n  37%.
Ho d i f f e r e n c e s  w e re  s e e n  i n  s p e c i f i c  r a d i o a c t i v i t y  b e tw e e n  t h e
n a t i v e  a n d  h a r s h l y  p u r i f i e d  c h i t i n ,  p r o v i n g  t h e  l a b e l  had  b e e n
i n c o r p o r a t e d  i n t o  t h e  c h i t i n  b a c k b o n e  a n d  n o t  t h e  a s s o c i a t e d
14p r o t e i n / l i p i d  c o m p o n e n ts .  R e l a t i v e l y  h ig h  s p e c i f i c  a c t i v i t y  o f  C- 
c h i t i n  a llo w ed  measurement o f  s i g n i f i c a n t  d i f f e r e n c e s  in  c h i t i n  c o n t e n t  
o f  8 .0  -  0 . 4  ug* T h i s  i s  a thousand f o ld  in c r e a s e  in  s e n s i t i v i t y  over 
th e  g r a v im e t r ic  method.
^ c - c h i t i n  Microbial Degradation/Mineralization A ssay .
Label r e c o v e r i e s  from th e  s o l i d  v e r s u s  gaseo u s  p h a s e  i n  t h e  b a t c h
14c u l t u r e  e x p e r im e n t  a r e  shown i n  F i g .  2 .  P e rc e n t  o f  p a r t i c u l a t e  C-
F ig u re  1 .  S p e c i f ic  a c t i v i t y  and o rgan ic  carbon  c o n te n t  of
14sy n th es iz ed  C - c h i t in
14R a d io a c t iv i ty  reco v ered  as 
T o ta l  o rgan ic  carbon
(Bui) o o i
— in
in
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c h i t i n  r e m a in in g  in  t h e  f l a s k  was c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  
e q u a t io n :
14 ~  (CPMt " CP1V  >
% C - c h i t in  « cpM^ ( Reco" ery  E f f i c . )  X 100
w h ere  CPM^ was t h e  am ount o f  i n i t i a l  ^ C - c h i t i n  added to  th e  f l a s k .  
CPM  ^ and CPM^^ were th e  c o u n ts  of undegraded c h i t i n  r e m a in in g  a t  t im e  
( t )  and t h e  b a c k g ro u n d  c o u n t s  r e s p e c t i v e l y .  R ecovery  e f f i c i e n c y  as 
de te rm ined  p re v io u s ly  was 95%.
14The p e rc en t  o f  l a b e l  reco v ered  as  CO^  was c a l c u l a t e d  as  fo l lo w s :
CPM -  (CPM -  CPM_. )
% C02 = CPMQ (Trapping  E f f i c . )  X 100
14w h e r e  CPM^ was t h e  am ount o f  CO2  e v o lv e d  by  t im e  ( t ) .  T ra p p in g
e f f i c i e n c y  as de term ined  p r e v io u s ly  was 99%.
C h i t i n  d e g r a d a t i o n  w a s  d i r e c t l y  p r o p o r t i o n a l  t o  c h i t i n
m in e r a l i z a t i o n  ( F ig .  2 ) .  The amount o f  r e c o v e ra b le  p a r t i c u l a t e  c h i t i n
d e c r e a s e d  w i th  t i m e .  T h i s  d i r e c t l y  c o r r e s p o n d e d  t o  an  i n c r e a s e  in  
14r e c o v e r a b l e  COg• A t an y  sa m p l in g  i n t e r v a l  more th a n  96% o f  t h e
o r i g i n a l  l a b e l  c o u ld  b e  a c c o u n te d  f o r  a s  t h e  sum o f  p a r t i c u l a t e  and
14g a s e o u s  p h a s e s .  The r e g r e s s i o n  o f  p e r c e n t  C - c h i t i n  d e g r a d e d  on
2
p e r c e n t  m i n e r a l i z e d  ( F i g .  3) was l i n e a r  ( r  -  0 .9 9 7 ) .  A s lo p e  o f  0 .96  
i n d i c a t e d  a s t r o n g l y  c o u p l e d  r e l a t i o n s h i p  b e tw e e n  d e g r a d a t i o n  an d  
m i n e r a l i z a t i o n .  The maximum r a t e  o f  m in e r a l i z a t i o n  observed  was 20.7% 
day ^ o r  207 mg day  ^ p e r  gram seeded ^ ^ C -c h i t in  a t  20° C.
D u r in g  th e  i n c u b a t i o n  p e r i o d ,  v i a b l e  c h i t i n o c l a s t i c  b a c t e r i a l  
co u n ts  e x ib i t e d  s igm oida l grow th t y p i c a l  of b a tc h  c u l t u r e  sy s tem s  ( F i g .
F ig u r e  2 ,  D e g ra d a tio n  and M in e r a l iz a t io n  o f  C h i t in
Remaining C - c h i t i n  
14Remaining C - c h i t i n ,  S t e r i l e  C o n tro l  
14COg Produced
14CO2  P roduced , S t e r i l e  C o n tro l  
C h i t i n o c l a s t i c  B a c t e r i a l  Numbers
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2 ) .  Maximum d e n s i t i e s  o f  4  x 10^ c e l l s  ml ^ o c c u r red  a f t e r  two days 
c o r r e s p o n d i n g  t o  t h e  i n i t i a t i o n  o f  c h i t i n  d e g r a d a t i o n  a n d  
m i n e r a l i z a t i o n .  C e l l  c o u n t s  g r a d u a l l y  d e c l i n e d  a t  t h e  end o f  t h i s  
p e r io d  a s  t h e  s u b s t r a t e  was d e p le t e d .
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D iscussion
14I n j e c t i n g  b lu e  c ra b s  w i th  C - l a b e l e d  N - a c e t ly g lu c o s a m i n e  i s  an
14e x p e d i e n t  m ethod  f o r  o b t a i n i n g  C - c h i t i n *  A n a ly s i s  o f  th e  c u t i c l e
showed a lm ost h a l f  th e  s h e l l  m a te r i a l  was in  th e  form o f o rgan ic  carbon*
Of t h a t  f r a c t i o n  about h a l f  was c h i t i n .  These f in d in g s  a r e  in  agreement
w ith  th o se  o f B rin e  [3] and Vigh and Dendinger [1 6 ] ,  who d e te r m in e d  t h e
r e m a in d e r  o f  o r g a n i c  c a r b o n  t o  b e  p r o t e i n  and t h e  b a l a n c e  o f  s h e l l
w eigh t to  b e  in o rg a n ic  m inera ls*  L in ea r  r e l a t i o n s h i p s  o f  b o t h  CPM and
TOC w i t h  c u t i c l e  w eigh t in d ic a te d  (1 ) t h a t  th e  r a d i o l a b e l  was u n ifo rm ly
d i s t r i b u t e d  w i th in  t h e  c r a b  e x o s k e l e t o n ,  and (2 )  t h a t  t h e  m ethod  o f
t r a p p in g  and cou n tin g  th e  r a d i o l a b e l  was l i n e a r  f o r  th e  range  of assayed  
14C - c h i t i n  -  a n e ce s sa ry  assum ption  when e x t r a p o l a t i o n  f ro m  a s t a n d a r d
cu rve  i s  req u ired *
Advantages o f  u s in g  r a d i o l a b e l e d  c h i t i n  f o r  r a t e  d e t e r m i n a t i o n s
w e re  m a n i f e s t e d  i n  in c re a s e d  a n a l y t i c a l  s e n s i t i v i t y  and s p e c i f i c i t y  of
i t s  measurement. D if f e re n c e s  i n  amounts o f  ^ C - c h i t i n  cou ld  be d e te c te d
a t  th e  nanogram l e v e l ,  r e p r e s e n t in g  a 1000X in c re a s e  in  s e n s i t i v i t y  over
th e  g r a v im e tr ic  method w h ile  a v o id in g  i n h e r e n t  i n t e r f e r e n c e  p ro b le m s
a s s o c i a t e d  w i t h  c o l o r i m e t r i c  a n a l y s i s .  More im p o r ta n t ly ,  th e  u se  of
r a d i o l a b e l e d  c h i t i n  e n a b l e d  t h e  s p e c i f i c  m e a s u r e m e n t  o f  i t s
14m i n e r a l i z a t i o n  t o  CO^, a m e asu rem en t n o t  p o s s i b l e  w i t h  p r e v i o u s  
m ethodologies* R ad io lab e lin g  a l s o  allow ed v e r i f i c a t i o n  t h a t  p a r t i c u l a t e  
c h i t i n  d e g r a d a t i o n  was due  t o  m i c r o b i a l  e n z y m a t ic  a t t a c k  and n o t  to  
w eigh t I o b s  from p r o t e i n  d e c o m p o s i t io n ,  m i n e r a l  d i s s o l u t i o n ,  o r  f rom  
d ec rea sed  rec o v e ry  due to  p a r t i c l e  s i z e  r e d u c t io n  by m echanical a b ra s io n  
[73.
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Concomitant w ith  in c re a se d  assay  s e n s i t iv i ty  and s p e c i f ic i ty  was 
the  a b i l i t y  to  recognize s ig n if ic a n t  d iffe rences  in  c h i t i n  d e g ra d a t io n  
between samples incubated over r e la t iv e ly  small time in te rv a ls .  Trends 
in  c h i t in  m inera liza tion  were evident a f t e r  hours and days not weeks and 
months as previously reported in  o ther gravim etric  analyses [7 ,9 ,13,143.
The b a tc h  c u l t u r e  ex p er im en t u s in g  raw e s t u a r i n e  w a te r  was 
p e r fo rm e d  to  i l l u s t r a t e  th e  r e l a t i o n s h i p  between d e g ra d a t io n  and 
m inera liza tion  of c h i t in  in an aqueous system . The o b s e rv a t io n  t h a t  
biopolymer degradation was p roportional to  m inera liza tion  is  no t unique, 
b u t  to  th e  b e s t  o f  ou r in fo rm a t io n  has no t been shown f o r  c h i t i n .
C h i t i n o c l a s t i c  microorganisms from the  York River were highly e f f i c i e n t
14 14 14a t  converting C -ch it in  to  ^^2* an in d ic a t io n  t h a t  C - c h i t i n  was
u s e d  a s  a p r im a ry  e n e rg y  s o u r c e .  The p e r io d  o f maximum c h i t i n
b re a k d o w n , m easu red  a s  e i t h e r  d e g r a d a t i o n  o r  m i n e r a l i z a t i o n ,
co rresponded  w ith  th e  occu rrence  of maximum c e l l  d e n s i t ie s .  Hood and
Meyers [7] also showed th a t  h ig h e s t  l e v e l s  of c h i t i n o c l a s t s  occu rred
c o n c u r re n t ly  w ith  maximum c h i t i n  d e g ra d a t io n  in d ic a t i n g  a probable
c o r re la t io n  between exoenzyme production and b a c te r ia l  numbers.
The r a t e  of i n  v i t r o  c h i t in  degradation observed by us was higher 
than those previously reported  fo r  a v a r i e t y  o f  in c u b a t io n  c o n d i t io n s  
[ 7 ,9 ,1 3 ,1 4 ] .  This cou ld  have been due to  our use  of n a t i v e  c h i t in  
and/or the increased  s e n s i t i v i t y  o f  th e  a s s a y .  Hood and Meyers [7] 
found native  c h i t in  to  be more l a b i l e  than d eca lc if ied  and deproteinated  
forms. Their reported  ra te s  fo r  n a tiv e  c h i t in  d e g ra d a t io n  were c l o s e r  
to  o u rs  than  to  th o se  u s in g  p u r i f i e d  c h i t i n .  Higher ra te s  were a lso  
co n s is ten t  with the s e n s i t iv i ty  of the  assay, v iz .  a r a t e  r e s t r i c t e d  to  
th e  e x p o n e n t ia l  m in e ra l iz a t io n  phase could be s p e c if ic a l ly  c a lcu la ted ,
26
n o t  a v erag ed  o v e r  t h e  e n t i r e  experim ent*  Thus, a  h i g h e r  s p e c i f i c  r a t e  
w o u ld  b e  e x p e c te d  b eca u se  o f  t h e  a b i l i t y  to  e x c lu d e  p o r t i o n s  o f  l a g  and 
s t a t i o n a r y  phases  from r a t e  m easurem en ts .
The t i g h t  c o u p l i n g  o f  d e g r a d a t i o n  w i t h  m i n e r a l i z a t i o n  a n d  t h e  
a b s e n c e  o f  a  s i g n i f i c a n t  s o l u b l e  c h i t i n  d e g r a d a t i o n  p r o d u c t  p o o l  
p e r m i t s  s p e c u l a t i o n  on t h e  n a t u r e  o f  c h i t i n  m i n e r a l i z a t i o n  in  aqueous 
sy s tem s . S i g n i f i c a n t  c h i t i n  d e g r a d a t io n  o r  m i n e r a l i z a t i o n  d id  n o t  o ccu r  
b e f o r e  n u m b e rs  o f  c h i t i n o c l a s t i c  b a c t e r i a  i n c r e a s e d .  T h is  s u g g e s t s ,  
t h a t  as i n  s o i l  sys tem s [ 4 ] ,  t h e  c o n c e n t r a t i o n  o f  e x o c e l l u l a r  c h i t i n a s e  
i s  i n i t i a l l y  l i m i t i n g .  As b a c t e r i a l  n u m b ers  i n c r e a s e ,  c h i t i n a s e  
p ro d u c t io n  exceeds c h i t i n  a v a i l a b i l i t y  and t h e  system  becomes s u b s t r a t e  
l i m i t e d .  T h e r e f o r e ,  we b e l i e v e  t h a t  th e  r a t e  o f  c h i t i n  m i n e r a l i z a t i o n  
i n  a q u e o u s  s y s te m s  i s  l i m i t e d  by  t h e  e n z y m a t i c  d e g r a d a t i o n  o f  t h e  
i n s o l u b l e  c h i t i n  b io po lym er and n o t  by  i t s  a b s o l u t e  amount.
14I n  c o n c l u s i o n ,  we h a v e  d e m o n s t r a t e d  t h a t  a  n a t i v e  C - l a b e l e d
c h i t i n  c an  b e  s y n th e s iz e d  and u sed  as  a  s p e c i f i c  s u b s t r a t e  to  a s s e s s  th e
f a t e  and r a t e  o f  i t s  d e g r a d a t io n  and m i n e r a l i z a t i o n  by  m i c r o o r g a n i s m s .
14F u tu r e  r e s e a r c h  w i l l  fo cu s  on u s in g  C - c h i t i n  t o  m easure  m i n e r a l i z a t i o n  
i n  e s t u a r i n e  sed im en ts  u n d e r  a e r o b ic  and a n a e ro b ic  c o n d i t i o n s  i n  t e rm s  
o f  i n t e r - s p e c i e s  ca rb o n  c o u p l in g .
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A b s tra c t
R ates  o f  c h i t i n  d e g ra d a t io n  and m i n e r a l i z a t i o n  i n  e s t u a r i n e  w a t e r  
and s e d im e n t s  w e re  d e t e r m i n e d  a s  f u n c t i o n s  o f  t e m p e r a t u r e ,  inoculum 
s o u rc e ,  and oxygen co n d i t io n *  S i g n i f i c a n t  d i f f e r e n c e s  in  r a t e s  b e tw e e n  
t e m p e r a t u r e  t r e a tm e n ts  w ere  e v id e n t .  Qjq  v a lu e s  ranged from 1 .2  t o  2 .5  
f o r  w a te r  and sed im en t,  r e s p e c t i v e l y .  In c re a s e d  in c u b a t io n  t e m p e r a t u r e  
a l s o  r e s u l t e d  i n  d e c r e a s e d  l a g  t im e s  b e f o r e  o n s e t  o f  c h i t i n o c l a s t i c  
b a c t e r i a l  grow th and c h i t i n  d e g r a d a t io n .  The e f f e c t  o f  inocu lum  s o u r c e  
on r a t e s  o f  c h i t i n  d e g r a d a t i o n  and m i n e r a l i z a t i o n  w as, in  descend ing  
o r d e r ,  w a te r  column, a e r o b ic  sand , a e ro b ic  mud, and a n a e ro b ic  mud. The 
h i g h e s t  r a t e ,  284 mg d ay  * g * s e e d e d  c h i t i n ,  o c c u r r e d  i n  th e  w a te r  
column inoculum a t  25° C. The low est r a t e ,  83 mg day  * g * ,  was fo u n d  
i n  t h e  a n a e r o b i c  mud i n o c u l u m  i n c u b a t e d  a t  1 5 °  C. O ver 95% o f  
p a r t i c u l a t e  c h i t i n  degraded  by w a te r  column b a c t e r i a  was m i n e r a l i z e d  t o  
CO^ w i t h  no a p p a r e n t  l a g  b e tw e e n  p r o c e s s e s .  No m eaau reab le  d i s s o lv e d  
pool o f  r a d i o l a b e l  was p r e s e n t .  C o n v e r s e l y ,  o n ly  75-85% o f  c h i t i n  
d e g r a d e d  by  s e d im e n t  in o c u la  was m in e r a l i z e d .  L ab le  r e c o v e r i e s  i n  th e  
d i s s o l v e d  p o o l  r a n g e d  f ro m  6 t o  17% d e p e n d i n g  on  i n o c u l u m .  T he 
a n a e r o b i c  t r e a t m e n t  p o s s e s s e d  t h e  h i g h e s t  po o l of d i s s o lv e d  m a te r i a l  
d e r iv e d  from c h i t i n ,  most p ro b ab ly  due t o  f o r m a t i o n  o f  v o l a t i l e  f a t t y  
a c i d s  d u r i n g  c h i t i n  f e r m e n ta t io n .  I t  i s  c l e a r  t h a t  c h i t i n  d e g ra d a t io n  
and m i n e r a l i z a t i o n  i s  a  r a p i d l y  o c c u r r in g  p r o c e s s  i n  t h e  e s t u a r y ,  and 
t h a t  w a t e r  co lum n  p r o c e s s e s  a r e  much m ore i m p o r t a n t  th a n  p r e v io u s ly  
acknowledged.
32
M il l io n s  o f  to n s  o f  m olt c h i t i n  a r e  produced a n n u a l ly  from a m yriad
o f  i n v e r t e b r a t e s  t h a t  i n h a b i t  t h e  w a te rs  and sed im en ts  o f  th e  Chesapeake
Bay* The c o n t r i b u t i o n  o f  t h i s  n e g l e c t e d  c a r b o n  s o u rc e  to  th e  t o t a l
carbon  b u d g e t  o f  an eB tu ary  h a s  n e v e r  b e e n  f u l l y  a s c e r t a i n e d *  A long
w i t h  i n p u t s ,  r a t e s  o f  c h i t i n  m i n e r a l i z a t i o n  i n  w a te r  and sed im en ts  have
n ev e r  been  determ ined* P rev io u s  s tu d ie s  on r a t e s  of c h i t i n  d e g r a d a t i o n
i n  s e d i m e n t s  h a v e  b e e n  p e r f o r m e d  u s i n g  g r a v i m e t r i c  o r  l i t t e r b a g
e x p e r i m e n t s ,  w h e r e  r a t e  o f  d e g r a d a t i o n  i s  e x t r a p o l a t e d  f r o m
d i s a p p e a r a n c e  o f  p a r t i c u l a t e  c h i t i n  (C han  1 9 7 0 ;  Hood 1973; Hood and
Meyers 1977; K a to r  1978; L i s t e r  1979; L i s to n  e t  a l*  1965; S ek i 1 9 6 5 a ,b ) .
T h i s  a p p ro a c h  can  n o t  p ro v id e  in fo rm a t io n  as  t o  t h e  f a t e  o f  carbon  from
14c h i t i n  a s  i t  i s  c y c le d  th rough  a  system . R e c e n t ly ,  C - l a b e l e d  c h i t i n
o f  s u f f i c i e n t  q u a n t i t i e s  f o r  m i n e r a l i z a t i o n  e x p e r im e n t s  h a s  b e e n
b io s y n th e s iz e d  Jj i  v iv o  u s in g  th e  b lu e  c r a b ,  Callinectes sap id u s  Rathbun,
a s  t h e  s o u r c e  o f  c h i t i n  (Boyer and K a to r  1985). This p ap e r  r e p o r t s  ou r
14a t te m p ts  t o  q u a n t i f y  r a t e s  of C - c h i t i n  d e g ra d a t io n  and m i n e r a l i z a t i o n  
a s  a f u n c t io n  o f  inoculum s o u rc e ,  te m p e ra tu re  and oxygen c o n d i t i o n s .
We th an k  M. Rhodes and M. S i e r a c k i  f o r  p e r t i n e n t  comments upon  
r e v i e w in g  th e  m a n u s c r ip t .  We a l s o  thank  J .  Wing rove  f o r  h e r  in v a lu a b le  
t e c h n i c a l  a s s i s t a n c e  and b o t to m le s s  c o f f e e  p o t .
M a te r i a l s  and methods 
14 C - l a b e l e d  c h i t i n  from  b l u e  c r a b s ,  C a l l l n e c t e s  s a p  i d u s  . w as 
p r e p a r e d  and  c h a r a c t e r i z e d  a s  d e s c r i b e d  p r e v i o u s l y  (Boyer and K a to r  
1985 ). B r i e f l y ,  c ra b s  w ere  a l l o w e d  t o  s h e d  and  im m e d ia te ly  i n j e c t e d  
w i th  2 u l  g * body w eigh t of 0 .1  uC i u l  * N - a c e ty l - D - [ l - ^ C ] - g lu c o s a m in e  
(Amersham, A r l in g to n  H e i g h t s , I L ) . Crabs w ere  s a c r i f i c e d  a t  10 h o u rs  and
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14t h e  c h i t i n  c l e a n e d  a n d  d r i e d .  Known am o u n ts  o f  C - c h i t i n  w e re
14combusted in  a  LECO 321 in d u c t io n  fu rn a c e  and th e  C-CO^  t r a PPe ^ a
s c i n t i l a t i o n  c o c k t a i l  com posed  o f  800 ml to lu e n e ,  90 ml m e th an o l ,  6 g
PPO, and 100 ml C a r b o - s o r b  ( P a c k a r d ,  D ow ners G r o v e , I L ) . S p e c i f i c
a c t i v i t y  was de te rm in ed  u s in g  a  Beckman 130 l i q u i d  s c i n t i l l a t i o n  c o u n te r
14c o r r e c t i n g  t o  DPM w i th  C - to lu e n e  i n t e r n a l  s t a n d a r d i z a t i o n .
Two s a m p l i n g  s i t e s  i n  t h e  Y o rk  R i v e r  w e re  c h o s e n  f o r  t h e i r
d i f f e r e n t  sed im ent c h a r a c t e r i s t i c s  (F ig  1 ) .  The f i r s t  s i t e  was a  s an d y
s h o a l  o f f  t h e  TIMS b o a t  b a s i n .  Sediment co m p o si t io n  a t  t h a t  s i t e  was
97.2% sand by w e ig h t  ( R iz z o  1 9 8 6 ) .  The o t h e r  s i t e  l o c a t e d  i n  S a r a h
Creek c o n s i s t e d  o f  f i n e  s i l t s  and c lay s*  A erob ic  zones as de te rm in ed  by
p l a t i n u m  e l e c t r o d e  o f  s a n d y  an d  m uddy  s i t e s  w e r e  33  a n d  2 mm
r e s p e c t i v e l y  d u r in g  summer m onths.
I n  May 1983, sed im en t samples from each  s i t e  were  c o l l e c t e d  u s in g  3
cm I . D .  p l e x i g l a s  c o r e  t u b e s .  Water sam ples were ta k e n  a t  a  d ep th  o f 1
m e te r  u s in g  a  c l e a n  s o lv e n t  b o t t l e .  Upon r e t u r n  t o  t h e  l a b o r a t o r y ,  mud
c o r e s  w e re  s p l i t  i n t o  a e r o b ic  and a n a e ro b ic  f r a c t i o n s  by e x t ru d in g  th e
c o r e s  fro m  t h e  b o t to m  and s c r a p i n g  o f f  t h e  u p p e r  a e r o b i c  r e g i o n .
A e r o b ic  f r a c t i o n s  w i th in  s t a t i o n s  were poo led  and homogenized by adding
30 g wet w e ig h t  sed im en t t o  450 ml s t e r i l e  aged York R iv e r  w a t e r  (SYRW)
and b l e n d i n g  f o r  90 s e c .  10 ml s l u r r y  was added t o  each 250 ml f l a s k
14c o n ta in in g  90 ml SYRW and 10 mg s t e r i l e  C - c h i t i n .  A n a e r o b ic  mud was
a d d ed  t o  SYRW t h a t  had  b e e n  c o n t i n u o u s l y  sparged  w i th  im m edia te ly
upon removal from t h e  a u t o c l a v e .  H o m o g e n iz a t io n  was p e r f o r m e d  i n  a
b l e n d e r  w i t h  a  m o d i f i e d  l i d  a l lo w in g  c o n s ta n t  pu rg in g  by  Ng. 10 ml o f
a n ae ro b ic  s l u r r y  was t r a n s f e r e d  t o  250 ml f l a s k s  c o n t a i n i n g  90 ml Ng
14s p a r g e d  SYRW, 10 mg s t e r i l e  C - c h i t i n ,  and 0 .1  g NaS. 10 ml o f  raw
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F ig u r e  1 .  Map o f  sam pling s i t e s  in  th e  York R iv e r  E s tu a ry .
1 -  Sandy s i t e
2 -  Muddy s i t e
■3
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Y ork R i v e r  w a t e r  (YRV) was added t o  i d e n t i c a l  s t e r i l e  f l a s k s  as in  th e  
sed im en t i n o c u l a t i o n s  and  c o n s i d e r e d  a s  w a t e r  co lum n i n o c u l a .  A l l  
f l a s k s  were s e a le d  w i th  b u t y l  ru b b e r  s to p p e r s  p la c e d  on a o r b i t a l  sh a k e r  
t a b l e  (100 rpm) and in c u b a ted  i n  th e  d a rk  a t  15° C. The e x p e r im e n t  was 
r e p e a te d  in  September a t  25° C in c u b a t io n  tem pera tu re*
At s e l e c t e d  i n t e r v a l s ,  3 t r e a t e d  f l a s k s  w e re  c h o s e n  a t  random* 
C h i t i n o c l a s t i c  b a c t e r i a  were enum erated from  one f l a s k  by removing 1 ml 
o f  w a te r  w i th  a s t e r i l e  s y r i n g e  f o r  i n o c u l a t i o n  o f  a  m o s t - p r o b a b l e -  
number s e r i e s  (MFN). The medium c o n s i s t e d  o f  1 l i t e r  f i l t e r e d  aged TRW,
1 g (NH^J^SO^, 0 .1  g K^HPO^, and 2 .5  g b a l l - m i l l e d  c h i t  i n  ( C a lb io c h e m ,  
San D ie g o ,  CA) as  t h e  on ly  added c a rb o n  s o u rc e .  MPN tu b e s  were read  a t
2 weeks and c o n s id e re d  p o s i t i v e  i f  t u r b i d  o r  i f  s u r f a c e  g ro w th  on t h e  
c h i t i n  was e v id e n t .  Enum eration o f  a n a e ro b ic  c h i t i n c l a s t i c  b a c t e r i a  was 
n o t  perform ed due to  m e th o d o lo g ic a l  d i f f i c u l t i e s .  Each o f  t h e  f l a s k s  
was th e n  i n j e c t e d  w i th  2 ml o f  5 N H2 S°4 t 0  8 t0 P b i o l o g i c a l  a c t i v i t y
and to  v o l a t i l i z e  d i s s o lv e d  00^. F la s k s  were p u rged  w i t h  a t  a f lo w
-1  14r a t e  o f  50 ml min f o r  10 min and t h e  CO  ^ t ra p p e d  in  s c i n t i l l a t i o n
c o c k t a i l  as  d e s c r ib e d  p r e v io u s ly  (Boyer and K a to r  1985). F la s k  c o n te n t s
w e r e  f i l t e r e d  o n t o  a Whatman GF/A g l a s s  f i b e r  f i l t e r ,  a i r  d r i e d ,
14
combusted in  th e  LEC0 in d u c t io n  fu r n a c e ,  and th e  e v o lv e d  CO^ t r a p p e d  
as  d e s c r ib e d  p r e v io u s ly .  C o n tro l  f l a s k s  were ana lyzed  a t  t h e  i n i t i a t i o n  
and te r m in a t io n  o f  each  exper im en t in  an  i d e n t i c a l  manner. I n  o r d e r  t o
14
d e t e r m i n e  w h e th e r  a d i s s o l v e d  C p o o l e x i s t e d ,  1 ml o f  f i l t r a t e  from 
t h e  l a s t  s a m p l i n g  t i m e  w as  a d d e d  t o  10 m l A q u a s o l  f o r  l i q u i d  
s c i n t i l l a t i o n  c o u n t in g .
C h i t i n  d e g ra d a t io n  d a t a  was l i n e a r l y  t ra n s fo rm e d  u s i n g  a  m o d i f i e d  
e x p o n e n t i a l  e q u a t io n ,  a cc o u n tin g  f o r  la g  t im e :
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1) In  Y = In  Yq -  r ( t - C )
where Yfc i s  amount o f  c h i t i n  rem ain ing  a t  tim e ( t ) »  Yq i s  i n i t i a l  amount 
o f  c h i t i n  p r e s e n t  i n  th e  system , r  i s  t h e  i n t r i n s i c  d e g r a d a t i o n  r a t e ,  
a n d  C i s  t h e  l a g  t i m e  b e f o r e  o n s e t  o f  d e g r a d a t i o n .  C h i t i n  
m i n e r a l i z a t i o n  (COg) d a t a  was t r a n s f o r m e d  b y  a  s i m i l a r  e q u a t i o n  f o r  
p ro d u c t  fo rm a tio n :
2) InUOO- Yfc) = In ( l0 0 -Y 0 ) -  r ( t - C )
w h e re  Y i s  t h e  am ount o f  CO^ produced a t  t im e  ( t ) ,  Yq i s  t h e  i n i t i a l
amount o f  CO  ^ p r e s e n t ,  r  i s  t h e  i n t r i n s i c  m i n e r a l i z a t i o n  r a t e ,  and  C i s
th e  l a g  t im e .  L e a s t  sq u a res  r e g r e s s i o n  was perform ed on th e  t ran sfo rm ed  
2
d a ta  and r  v a lu e s  f o r  i n t r i n s i c  r a t e  c o e f f i c i e n t s  w e re  c o m p u te d .  A 
m o d i f i e d  t - t e s t  (K le in b a u m  and Kupper 1978) was was perform ed to  t e s t  
f o r  d i f f e r e n c e s  i n  i n t r i n s i c  r a t e s  betw een  t r e a tm e n t s .
R e su lts
C h i t i n o c l a s t i c  b a c t e r i a l  co u n ts  fro m  e a c h  t r e a t m e n t  a r e  shown i n  
F i g u r e  2 .  H ig h es t  b a c t e r i a l  co u n ts  d u r in g  in c u b a t io n  w ere found in  th e  
w a t e r  c o lu m n , n o t  s e d im e n t  i n o c u l a  a s  e x p e c t e d .  T h e re  was l i t t l e  
v a r i a t i o n  i n  t h e  t r e n d s  o f  c o u n t s  b e tw e e n  t r e a t m e n t s .  However, an  
a p p a r e n t  l a g  i n  o n s e t  o f  g ro w th  o c c u r r e d  i n  t h e  lo w e r  t e m p e r a t u r e  
in c u b a t io n s .
The i n t r i n s i c  r a t e s  o f  c h i t i n  d e g r a d a t i o n  and m i n e r a l i z a t i o n  f o r
2
e a c h  t r e a t m e n t  a r e  shown i n  T ab le  1 .  A l l  l i n e a r  t r a n s f o r m a t io n s  had r  
v a lu e s  b e t t e r  th an  0 .9 0  p ro v in g  th e  a p p l i c a b i l i t y  o f  t h e  a n a l y s i s .  Lag
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F ig u re  2* C h i t i n o c l a s t i c  b a c t e r i a l  counts*
-  25° C in c u b a t io n
-  15° C in c u b a t io n
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T ab le  1 . R a te s  o f  c h i t i n  d e g ra d a t io n  and m i n e r a l i z a t i o n  in  mg d ay  * g * 
s e e d e d  s u b s t r a t e  a t  25 and 1 5 °  C. Lag t im e s  r e p r e s e n t  t h e  amount of 
t im e  in  days  n e c e s sa ry  f o r  i n i t i a t i n g  a  5% lo s s  in  o r i g i n a l  B u b s t r a t e .
25° C 15° C
Inoculum Lag C h i t in C02 Lag C h i t i n c°2
Water 0 0 .284 0 .264 2 0 .238 0 .214
Sand 1 0 .270 0.142 2 0.136 0 .068
Mud 1 0 .250 0.119 2 0 .098 0 .059
Anaerob ic 2 0.150 0.103 4 0.083 0 .042
Mud
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t im es were chosen as b e in g  th e  number o f  days t h a t  were r e q u i re d  f o r  th e  
c u l t u r e s  t o  i n i t i a t e  5% d e g r a d a t i o n  o f  t h e  s u b s t r a t e .  I t  i s  e v id e n t  
t h a t  lag  tim e in c re a s e s  as  a f u n c t io n  o f  d e c rea s in g  te m p e ra tu re .
The e f f e c t  o f  t e m p e r a t u r e  on r a t e s  o f  c h i t i n  d e g r a d a t i o n  and
m in e r a l i z a t i o n  in  w a te r  column in o c u la  a r e  shown in  F ig u re  3 .  There  was
no m e a s u r a b le  l a g  b e f o r e  o n s e t  o f  d e g ra d a t io n  a t  25° C, b u t  a  two day
lag  was e v id e n t  a t  th e  lower te m p e ra tu re .  D eg rad a tio n  p roceeded  a lm o s t
t o  c o m p le t io n  w i th  l e s s  th a n  10% of p a r t i c u l a t e  f r a c t i o n  rem ain ing  a t  8
and 13 days r e s p e c t i v e l y .  Concommittant w ith  d e g ra d a t io n ,  a c c u m u la t io n  
14o f  CO^ i n  medium and h e a d s p a c e  a c c o u n te d  f o r  m ore th an  95% o f  th e
14p a r t i c u l a t e  c h i t i n  l o s t .  No d i s s o lv e d  C -la b e led  p r o d u c t s  w e re  fo u n d  
i n  t h e  medium. T h e re  was no m e a s u r e a b l e  l a g  b e tw e e n  t h e  enzym atic  
b reakdow n  o f  c h i t i n  and i t s  m i n e r a l i z a t i o n  t o  CO^ by  w a t e r  c o lu m n  
b a c t e r i a .  C h i t in  was degraded  more r a p id ly  a t  25 th a n  15° C w ith  a 
v a lu e  o f  1 .2 .  No s i g n i f i c a n t  d i f f e r e n c e  was seen  in  i t s  m i n e r a l i z a t i o n  
r a t e s  (T ab le  2 ) .
The e f f e c t s  of t e m p e ra tu re  on a e r o b i c  san d  i n o c u l a  a r e  shown in  
F i g u r e  4 .  Lag t im e s  w e re  1 and 2 d a y s  f o r  h ig h  and  low in c u b a t io n  
te m p e ra tu re s .  D egrada tion  proceeded alm ost to  com ple tion  w i th in  15 days 
a s  i n  t h e  w a t e r  co lu m n . T h e re  was a  l a r g e  d i s c r e p a n c y  b e tw ee n  th e  
amount of c h i t i n  degraded and th e  C( > 2  produced. I n i t i a l l y ,  c h i t i n  l o s s  
and C02 e v o lu t io n  co rresponded  w e l l ,  b u t  soon reached  a p o in t  where C02 
p ro d u c t io n  e f f e c t i v e l y  s topped w h ile  c h i t i n  c o n t i n u e d  to  b e  d e g r a d e d .  
Only 70.0 and 76.4% of th e  l o s t  c h i t i n  cou ld  b e  accounted  f o r  in  th e  C02 
p o o l  a t  25 and 15° C, w h i l e  10 and 8% o f  t h e  r a d i o l a b e l  c o u l d  b e  
a c c o u n te d  f o r  i n  t h e  d i s s o l v e d  p o o l .  T e m p e ra tu re  had a s i g n i f i c a n t  
e f f e c t  on b o th  r a t e s  of c h i t i n  d e g ra d a t io n  and m i n e r a l i z a t i o n  in  t h e s e
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F ig u re  3 .  C h i t in  d e g ra d a t io n  and m in e r a l i z a t i o n  in  t h e  w a te r  column.
-  C h i t in  rem aining  a t  23° C
-  COg reco v ered  a t  25° C
-  C h i t in  rem aining a t  15° C
-  CO^  reco v ered  a t  15° C
-  C h i t in  s t e r i l e  c o n t r o l
-  CO  ^ s t e r i l e  c o n t r o l
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Table  2 .  v a l u e s  and r e s u l t s  o f  t - t e s t  show ing s i g n i f i c a n c e  o f
d i f f e r e n c e s  i n  d e g r a d a t io n  and m in e r a l i z a t i o n  r a t e s  between in c u b a t io n  
tem p e ra tu res  by inoculum; (**) P<0.01, (* ) P<0 .05 , (NS) n o t  s i g n i f i c a n t .
Inoculum C h i t in  CC> 2
Water 1.2 * 1.2 NS
Sand 2 .0 ** 2.0 **
Mud 2 .6 ** 2.0 **
Anaerob ic 1 .8  ** 2 .4 **
Mud
42
F ig u re  4 .  C h i t i n  d e g ra d a t io n  and m in e r a l i z a t i o n  in  ae ro b ic  sand.
-  C h i t in  rem ain ing  a t  25° C
-  C( > 2  reco v ered  a t  25° C
-  C h i t in  rem aining  a t  15 0 C
-  CO  ^ reco v e red  a t  15° C
-  C h i t in  s t e r i l e  c o n t r o l
-  CO2  s t e r i l e  c o n t r o l
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sedim ents  w i th  Q^q v a lu e s  o f  1 .9  and 2 .0 ,  r e s p e c t i v e l y  (T ab le  2 ) .
These same t r e n d s  can be seen  in  th e  a e ro b ic  mud in o c u la  ( F i g .  5 ) .  
Lag t im e s  w e re  s h o r t e r  a t  h i g h e r  t e m p e r a t u r e  i n c u b a t i o n s  ( 2 v s .  3 
d a y s ) .  C o rrec ted  l a b e l  r e c o v e r i e s  i n  t h e  CO^ p h a se  o f  h ig h  and  low 
t e m p e r a t u r e  i n c u b a t i o n s  w e r e  7 4 .1  and  81 .7% , r e s p e c t i v e l y ,  w i th  
d i s s o l v e d  r e c o v e r i e s  o f  9 and 6%. C h i t i n  w as b o t h  d e g r a d e d  an d  
m i n e r a l i z e d  f a s t e r  a t  th e  h ig h e r  tem p e ra tu re  in  th e s e  sedim ents  (T ab le  
2 ).
F ig u re  6 shows th e  e f f e c t s  o f  tem p e ra tu re  on c h i t i n  d e g ra d a t io n  and 
m i n e r a l i z a t i o n  i n  a n a e r o b i c  mud. A g a i n ,  t h e  sam e u n c o u p l i n g  o f  
d e g r a d a t i o n  from m in e r a l i z a t i o n  i s  e v id e n t .  Label r e c o v e r i e s  were 79.2 
and 75.9% f o r  25 and 15° C in c u b a t io n s .  The amount o f  l a b e l  r e c o v e r e d  
i n  t h e  d i s s o l v e d  f r a c t i o n  was 15 and 17%. R ates  between tem p e ra tu re  
t r e a tm e n ts  were s i g n i f i c a n t l y  d i f f e r e n t  as  compared by t - t e s t  (T ab le  2 ) .  
Qjq v a lu e s  f o r  d e g ra d a t io n  and m in e r a l i z a t i o n  were 1 .9  and 2 .5 .
The r o l e  of inoculum type  on c h i t i n  d e g ra d a t io n  and m i n e r a l i z a t i o n  
i s  sum m arized  in  T ab le  3 .  At 25° C t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  
between r a t e s  of c h i t i n  d e g r a d a t i o n  i n  w a t e r ,  s a n d ,  and a e r o b i c  mud 
i n o c u l a ,  b u t  they  were a l l  s i g n i f i c a n t l y  g r e a t e r  th an  th e  an ae ro b ic  mud 
inoculum. D if f e r e n c e s  in  th e  r a t e s  o f  C0^ p ro d u c t io n  between w a t e r  and 
s e d i m e n t  i n o c u l a  r e f l e c t e d  t h e  u n c o u p l i n g  o f  d e g r a d a t i o n  fro m  
m i n e r a l i z a t i o n  in  th e  sedim ent system s. D eg rad a tio n  and m i n e r a l i z a t i o n  
r a t e s  w ere  n o t  d i f f e r e n t  between sand and a e ro b ic  mud in o c u la ,  b u t  they 
were d i f f e r e n t  between sand and a n ae ro b ic  mud in o c u la .  The a e r o b i c  mud 
i n o c u l u m  d e g r a d e d  c h i t i n  f a s t e r  t h a n  t h e  a n a e r o b i c  b u t  d i d  n o t  
m in e r a l iz e  i t  f a s t e r .
F ig u r e  5 .  C h i t in  d e g r a d a t io n  and m i n e r a l i z a t i o n  in  a e ro b ic  mud
C h i t in  rem ain ing  a t  25° C 
CO  ^ re c o v e re d  a t  25°  C 
C h i t in  rem ain ing  a t  15° C 
COg re c o v e re d  a t  15° C 
C h i t i n  s t e r i l e  c o n t r o l  
C02 s t e r i l e  c o n t r o l
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F ig u re  6 . C h i t in  d e g ra d a t io n  and m in e r a l i z a t i o n  in  an ae ro b ic  mud.
-  C h i t in  rem ain ing  a t  25° C
-  C02 reco v ered  a t  25° C
-  C h i t in  rem aining a t  15° C
-  C02 reco v ered  a t  15° C
-  C h i t in  s t e r i l e  c o n t r o l
-  CO  ^ s t e r i l e  c o n t r o l
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T a b l e  3 .  R a t i o s  a n d  s i g n i f i c a n c e  o f  t - t e s t  i n  d e g r a d a t i o n  and 
m in e r a l i z a t i o n  r a t e s  betw een inoculum by te m p e ra tu re ;  (* * )  P < 0 .0 1 ,  ( * )  
P<0.05» (NS) n o t  s i g n i f i c a n t*
25° C 15° C
In o c u la  C h i t in  CO  ^ C h i t in  CO^
Water v s .  Sand 1 .0  NS 1 .9  ** 1 .8  ** 3 .1  **
Water v s .  Mud 1 .1  NS 2 .2  ** 2 .4  ** 3 .6  **
Water v s .  Anaerobic
Mud 1 .9  ** 2 .6  ** 2 .9  ** 5 .1  **
Sand v s .  Mud 1 .1  NS 1 .2  NS 1 .4  *  1 .2  NS
Sand v s .  Anaerobic
Mud 1 .8  ** 1 .4  * 1 .6  ** 1 .6  *
Mud v s .  A naerobic
Mud 1 .7  ** 1 .2  NS 1 .2  NS 1 .4  NS
47
The p a t t e r n  o f  c h i t i n  m in e r a l i z a t i o n  r a t e s  a t  15° C was i d e n t i c a l  
to  th o se  in  th e  25° C incubations*  Somewhat d i f f e r e n t  t r e n d s  in  c h i t i n  
d e g r a d a t i o n  were seen  a t  15° C* A ll  d e g ra d a t io n  r a t e  com binations  were 
s i g n i f i c a n t l y  d i f f e r e n t  e x c e p t  f o r  t h e  a e r o b i c  v s *  a n a e r o b i c  mud 
trea tm en ts*
D iscussion
We h a v e  shown t h a t  c h i t i n  d e g r a d a t i o n  i n  e s t u a r i n e  w a te r  and 
sed im ents  i s  a r a p id  and com plete p ro c e s s .  R ates  o f  c h i t i n  d e g r a d a t i o n  
r a n g e d  f ro m  a low o f  83 mg day   ^ g * c h i t i n  in  t h e  1 5 °  C a n a e ro b ic  
inoculum to  284 mg day g c h i t i n  in  th e  w a te r  column a t  25 C. These 
v a l u e s  a r e  h i g h e r  t h a n  any p r e v i o u s l y  r e p o r t e d  a t  t h e s e  in c u b a t io n  
te m p e ra tu res  (T a b le  4 ) .  The o n ly  p r i o r  s tu d y  t h a t  a p p r o a c h e s  t h e s e  
r a t e s  was p e r fo rm e d  by Hood (1973)* We b e l i e v e  th e  re a so n  f o r  t h i s  i s  
t h e  u s e  o f  n a t i v e  c h i t i n  a s  s u b s t r a t e  i n  b o th  B t u d i e s .  O r i g i n a l  
c o n c e p t i o n s  o f  c h i t i n ' s  r e c a l c i t r a n c e  w ere  p e rp e tu a te d  by th e  u se  of 
h a r s h ly  p u r i f i e d  c h i t i n ,  a  s u b s t r a t e  more r e s i s t a n t  to  b i o l o g i c a l  a t t a c k  
th a n  t h e  n a t i v e  form (Hood 1973; Hood and Meyers 1977). The analogy of 
u s in g  f i l t e r  paper  to  de term ine  th e  decay r a t e  o f  a t r e e  i s  a  p ropos.
A nother v a r i a b l e  a f f e c t i n g  r a t e s  o f  decay o f any p a r t i c u l a t e  m a t te r
i s  i t s  s u r f a c e  a r e a  o r  p a r t i c l e  s i z e  (Hood 1 9 7 3 ) .  The s m a l l e r  t h e
p a r t i c l e ,  t h e  g r e a t e r  th e  s u r fa c e  a r e a ,  hence , f a s t e r  c o lo n iz a t io n  and
2d e g ra d a t io n .  We used r e l a t i v e l y  sm all c h i t i n  p a r t i c l e s  (0*5 to  1 .0  mm ) 
b e c a u s e  d i f f e r e n c e s  i n  s p e c i f i c  r a d i o a c t i v i t y  o f  b lu e  c ra b  body p a r t s  
n e c e s s i t a t e d  f i n e  g r in d in g  to  ach ie v e  homogeneity o f  r a d i o l a b e l .
The e f f e c t s  o f  tem p era tu re  on r a t e s  o f  c h i t i n  d e g ra d a t io n  dominated 
any o th e r  trea tm en t*  In  a l l  c a s e s ,  h ig h e r  in c u b a t io n  tem p e ra tu re  caused
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i n c r e a s e s  in  a l l  r a t e s  (T ab le  2 ) .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  a 10° 
in c re a s e  caused  only  a  20% in d u c t io n  in  d e g r a d a t i o n  r a t e  i n  t h e  w a t e r  
in o c u lu m  b u t  c a u s e d  1 0 0 ,  1 6 0 , and 80% r a t e  in c re a s e s  in  sand , ae ro b ic  
mud, and an ae ro b ic  mud re s p e c t iv e ly *  The e f f e c t  on m in e r a l i z a t i o n  r a t e s  
was 2 0 ,  1 0 0 ,  1 0 0 , and  140%. These r e s u l t s  sugges t t h a t  c h i t i n o c l a s t i c  
b a c t e r i a  in  th e  w a te r  column a re  more a c t i v e  a t  lower te m p e ra tu re s  th a n  
th o se  in  sed im en ts .
Inoculum e f f e c t s  were n o t  so c l e a r  (T ab le  3 ) .  C h i t i n  d e g r a d a t i o n  
r a t e s  i n  w a t e r ,  s a n d ,  and  a e r o b i c  mud i n o c u l a  a t  2 5 °  C w ere  n o t  
d i f f e r e n t ,  b u t  when in c u b a t e d  a t  1 5 °  C , t h e y  w e r e  s i g n i f i c a n t l y  
d i f f e r e n t  f ro m  each  o the r*  This  su g g es ts  t h a t  a t  25° C c h i t i n o c l a s t i c  
b a c t e r i a  from th e se  d iv e r s e  so u rces  became l im i te d  by e i t h e r  b i o l o g i c a l ,  
p h y s ic a l ,  o r  chem ical c o n s t r a i n t s .
Many e s t u a r in e  b a c t e r i a  p o sse ss  th e  a b i l i t y  to  produce c h i t i n a s e  as 
an  i n d u c i b l e  com ponent o f  t h e i r  enzyme com plem ent (R e y n o ld s  1954). 
C h i t in a s e  enzyme assay s  a r e  no t d i r e c t l y  com parable to  our s tudy  because  
o f  d i f f e r e n c e s  in  w h a t  i s  b e i n g  m e a s u re d .  Smucker (1 9 8 2 )  r e p o r te d  
p o t e n t i a l  a c t i v i t i e s  o f  38 .5  and 59.2  nM c h i to b io s e  produced 1 * h o u r  * 
in  P a t u x e n t  R iver  s u r f a c e  w a te r  a t  30° C. Other s tu d ie s  have a ttem p ted  
to  q u a n t i fy  enzyme a c t i v i t i e s  i n  c e l l  f r e e  c u l t u r e s  a s  a f u n c t i o n  o f  
e x t e r n a l  f a c t o r s  such as  te m p e ra tu re ,  pH, and n i t r o g e n  sou rce  (Reynolds 
1 9 5 4 ) .  T h e se  v a l u e s  r e f l e c t  t h e  amount and a c t i v i t y  o f  r e s i d u a l  
c h i t i n a s e  p re s e n t  in  th e  w a te r  o r  in  th e  c u l t u r e  a t  a s p e c i f i c  p o in t  in  
t im e , b u t  do n o t  a c c o u n t  f o r  b a c t e r i a l  g ro w th  o r  enzyme i n d u c t i o n .  
T h e r e  a r e  no  s t u d i e s  t h a t  s p e c i f i c a l l y  a d d r e s s  i n t r i n s i c  c h i t i n  
d e g ra d a t io n  r a t e s ,  t h e r e f o r e ,  we canno t assume our r a t e s  to  b e  maximums 
found in  n a tu r e .
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S u rface  c o lo n iz a t i o n  o f  c h i t i n  p a r t i c l e s  can l i m i t  d e g r a d a t i o n  b u t  
u s u a l l y  o n ly  occurs  in  t h e  i n i t i a l  lag  phase  (Boyer* u n p ub lished  d a t a ) .  
P rev io u s  s tu d ie s  have shown t h a t  n u t r i e n t  ammendments can  in c re a s e  t o t a l  
amount o f  c h i t i n  d e g r a d e d  b u t  n o t  i n t r i n s i c  r a t e s  (Hood 1973; L i s t e r  
1979). A v a i l a b i l i t y  of oxygen may have been  a l i m i t i n g  f a c t o r .  I t  i s  
p o s s i b l e  t h a t  o u r  b a t c h  c u l t u r e  i n c u b a t i o n s  m i g h t  hav e  become 
m ic ro a e r o p h i l ic  o v e r  th e  d u r a t io n  of th e  experiment* even w i th  a  150 ml 
h e a d s p a c e .  Less d is so lv e d  oxygen a t  25 th an  15° C and in c re a s e d  oxygen 
con su m p tio n  a t  h i g h e r  t e m p e r a t u r e s  m ig h t  e x p l a i n  why r a t e s  b e tw e e n  
in o c u la  were d i f f e r e n t  a t  th e  lower b u t  n o t  th e  h ig h e r  te m p e ra tu re .
R ates  o f  c h i t i n  d e g r a d a t i o n  o f  a n a e r o b i c  mud i n o c u l a  w e re  much 
s lo w e r  th a n  a l l  o t h e r  in o c u la  excep t a t  15° C when compared to  a e ro b ic  
mud. This was because  o f  a  g r e a t e r  r e d u c t io n  in  d e g ra d a t io n  r a t e  in  th e  
a e ro b ic  mud inoculum as compared to  th e  an ae ro b ic  mud* The re a so n  as  to  
why c h i t i n o c l a s t i c  b a c t e r i a  in  a e ro b ic  muds a r e  more s e n s i t i v e  t o  lo w er  
tem p e ra tu re s  than  anaerobes rem ains unknown.
As i n  d e g r a d a t i o n ,  t h e  e f f e c t  o f  t e m p e r a t u r e  o n  c h i t i n  
m i n e r a l i z a t i o n  was pronounced (T ab le  2 ) .  M in e r a l i z a t io n  r a t e s  m ir ro re d  
d e g ra d a t io n  r a t e s  in  p e rc e n t  in d u c t io n s  f o r  10° in c r e a s e  i n  te m p e ra tu re .  
U n l ik e  d e g r a d a t i o n *  t h e  e f f e c t  o f  inoculum on m in e r a l i z a t i o n  was much 
m ore c o n s i s t e n t  a c r o s s  t e m p e r a t u r e  i n c u b a t i o n s  ( T a b l e  3 ) .  C h i t i n  
m i n e r a l i z a t i o n  i n  t h e  w a t e r  co lum n was s i g n i f i c a n t l y  f a s t e r  th a n  a l l  
o th e r  in o c u la .  The d i f f e r e n c e  be in g  n o t  o n ly  in  i n t r i n s i c  r a t e  b u t  i n  
p e r c e n t  c h i t i n  b e i n g  r e c o v e r e d  a s  COg. I t  may b e  th a t*  in  t h e  w a te r  
column* s o lu b le  p ro d u c ts  o f  c h i t i n  d e g ra d a t io n  a r e  r a p i d l y  m i n e r a l i z e d  
by o th e r  h e te r o t r o p h ic  b a c t e r i a  as soon as  th ey  a r e  formed.
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A ll  sedim ent systems e x h ib i te d  an u n c o u p l in g  o f  d e g r a d a t i o n  fro m  
m i n e r a l i z a t i o n ,  p o s s i b l y  ex p la in ed  by th e  e x i s t e n c e  o f  m ic ro a e ro p h i l ic  
zones* I n t e r s p e c i e s  c o m p e t i t io n  f o r  m e t a b o l i c  e n d p r o d u c t s  o f  c h i t i n  
d e g r a d a t i o n  h a s  b e e n  show n  t o  o c c u r  i n  s e d im e n t s  (B o y e r  1 9 8 6 ) .  
Uncoupling o f  d e g ra d a t io n  and m in e r a l i z a t io n  under a n a e r o b io s i s  i s  m ost 
c e r t a i n l y  due t o  t h e  f o r m a t i o n  o f f e rm e n ta t io n  in te r m e d ia te s ,  such as  
v o l a t i l e  f a t t y  a c i d s  and  m e th y l  e s t e r s .  U n f o r t u n a t e l y ,  we w ere  n o t  
p rep a red  to  a ssa y  f o r  s p e c i f i c  p ro d u c ts .  S ince  th e n ,  o th e r  s tu d i e s  have 
shed  l i g h t  on t h e  s u b j e c t  o f  a n a e r o b i c  c h i t i n  d e c o m p o s i t i o n  a n d  
i n t e r s p e c i e s  c o u p l i n g  o f fe rm e n ta t iv e  endproducts  (Boyer 1986; P e l  and 
G o t t s c h a l  1 9 8 6 ) .  S u b s e q u e n t  e x p e r im e n t s  w i l l  a t t e m p t  t o  d e v e lo p  a 
s i m u l a t i o n  m odel d e s c r i b i n g  t h e  i n t e r p l a y  o f  a e r o b i c  and a n a e ro b ic  
p ro c e sse s  in  th e  c y c l in g  of c h i t i n  in  th e  e s tu a r y .
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CHAPTER 3
Endproducts o f A naerobic C h it in  D egradation  a s  S u b s tra te s  f o r  
S u lf a te  R eduction  and M ethanogenesis by S a l t  Harsh B a c te r ia
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A b strac t
The an ae ro b ic  pathway o f  c h i t i n  d e c o m p o s i t io n  by  c h i t i n o c l a s t i c  
b a c t e r i a  was exam ined  w ith  an emphasis on endproduct co u p lin g  to  o th e r  
s a l t  marsh b a c t e r i a .  A c t iv e ly  growing c h i t i n o c l a s t i c  b a c t e r i a l  i s o l a t e s  
p ro d u c e d  p r i m a r i l y  a c e t a t e ,  , and CO  ^ in  b r o th  c u l tu re *  No s u l f a t e  
reduc ing  o r m ethanogenic i s o l a t e s  grew on c h i t i n  a s  s o l e  c a r b o n  s o u r c e  
n o r  p ro d u c e d  any  m e a s u r a b le  d e g r a d a t i o n  p ro d u c ts .  Mixed c u l tu r e s  o f  
c h i t i n  d eg ra d e rs  w i th  s u l f a t e  r e d u c e r s  r e s u l t e d  i n  p o s i t i v e  s u l f i d e  
p r o d u c t i o n .  M ixed  c u l t u r e s  o f  c h i t i n  d e g r a d i n g  i s o l a t e s  w i t h  
m e th an o g en s  r e s u l t e d  i n  t h e  p r o d u c t i o n  o f  CH^ w i t h  r e d u c t i o n s  i n  
h e a d s p a c e  COg and Hg. The c o m b in a t io n  o f  a l l  t h r e e  m e ta b o lic  types  
r e s u l t e d  in  th e  s im ultaneous  p ro d u c t io n  o f  methane and s u l f i d e  w ith  more 
m e t h a n e  b e i n g  p r o d u c e d  i n  m ixed  c u l t u r e s  c o n t a i n i n g  C O g -red u c in g  
methanogens and a c e t o c l a s t i c  s u l f a t e  re d u c e rs  due to  l e s s  i n t e r s p e c i f i c  
Hg c o m p e t i t io n .
In tro d u c tio n
C h i t i n  a n d  c e l l u l o s e  a r e  t h e  m a j o r  s t r u c t u r a l  p o ly m e rs  i n  
i n v e r t e b r a t e s  and p l a n t s  r e s p e c t i v e l y .  B o th  a r e  p o l y s a c c h a r i d e s  
composed of B {l-4)—lin k e d  monomers of N -ace ty l-D -g lucosam ine  in  th e  c a se  
o f  c h i t i n ,  o r  g l u c o s e  i n  c e l l u l o s e .  B i o s y n t h e s i s  o f  c h i t i n  a n d  
c e l l u l o s e  p roceeds v i a  p a r a l l e l  enzymatic pathways (13) as  does ae ro b ic  
d e g ra d a t io n  by b a c t e r i a  ( 4 ,1 2 ) .  B i l l i o n s  o f  to n s  o f  c h i t i n  a re  produced 
a n n u a l ly  in  th e  oceans ( 5 ) .  I t  i s  n o t  known how much o f t h i s  p ro d u c t io n  
i s  i n c o r p o r a t e d  i n t o  a n a e r o b i c  h a b i t a t s ,  b u t  c o u ld  c o n c e i v a b l y  b e  
s u b s t a n t i a l  due  t o  i t s  p a r t i c u l a t e  n a tu r e  fa v o r in g  ra p id  sed im en ta t io n  
and i t s  o ccu rren ce  in  many b e n th ic  organisms (1 5 ) .
55
The o c c u r r e n c e  o f  a n a e r o b i c  c h i t i n  d e g r a d a t io n  has  been  l a r g e ly  
ignored  i n  t h e  l i t e r a t u r e .  A s t u d y  b y  A l s h i n a  ( 1 )  showed t h a t  t h e  
amendment o f  c h i t i n  t o  a n o x ic  sed im ents  s t im u la te d  s u l f a t e  r e d u c t io n ,  
le ad in g  th e  a u th o r  to  th e  c o n c lu s io n  t h a t  s u l f a t e  red u c in g  b a c t e r i a  were 
r e s p o n s i b l e  f o r  a n a e r o b i c  c h i t i n  c y c l i n g .  B i l l y  (3) and Timmis (14) 
have shown t h a t  c e r t a i n  c l o s t r i d i a  c a n  c o l o n i z e  and u s e  c h i t i n  a s  a 
c a r b o n  s o u r c e .  I n  c o n t r a s t ,  t h e  amount o f  i n f o r m a t i o n  c o n c e r n in g  
an aerob ic  c e l l u l o l y s i s  i s  im m ense, m o s t ly  due  t o  w ork w i t h  t h e  rumen 
system ( 9 ) .
C o n s id e r i n g  t h e  s i m i l a r  p o l y m e r i c  s t r u c t u r e s  o f  c h i t i n  a n d  
c e l l u l o s e ,  i t  was h y p o th e s ize d  t h a t  under anoxic  c o n d i t io n s :  1) c h i t i n  
would be b ro k en  down by a n a e r o b i c  s e d im e n t  b a c t e r i a  u s i n g  an  enzyme 
s y s te m  s i m i l a r  t o  t h a t  o f  c e l l u l o l y t i c  o rg an ism s , 2) th e  p ro d u c ts  of 
c h i t i n  fe rm e n ta t io n  would b e  com parable t o  th o se  o f  c e l l u l o l y s i s ,  and 3) 
t h e  f e r m e n ta t io n  p ro d u c ts  cou ld  be  coupled  v i a  i n t e r s p e c i e s  t r a n s f e r  to  
b o th  s u l f a t e  r e d u c t io n  and m e thanogenesis .
M a te ria ls  and Methods
Sediment samples from th e  G reat S ip p i w i s s e t t  S a l t  M arsh ,  MA. w ere  
t a k e n  u s i n g  5 cm I .D .  p l e x i g l a s s  c o re  tu b e s .  The anoxic  p o r t i o n  of th e  
c o re s  (5-10 cm below s u r f a c e )  were ex tru d ed  i n t o  W hirl-Pac  bags (MASCO). 
A i r  was e x p re sse d  from th e  bags  b e f o r e  s e a l i n g .  Upon r e t u r n ,  th e  co res  
w ere  p o o le d  and ho m o g en ized  b y  m ix in g  i n  a  c o v e r e d  b e a k e r  u n d e r  a 
c o n s t a n t  s t r e a m  o f  N^. A l i q u o t s  were s t r e a k e d  on to  b o t t l e  p l a t e s  (6) 
c o n ta in in g  p re red u ced  media s e l e c t i v e  f o r  t h e  i s o l a t i o n  o f  a n a e r o b i c  
c h i t i n o l y t i c ,  s u l f a t e  r e d u c i n g ,  and m e th a n o g e n ic  b a c t e r i a .  M edia 
components used f o r  th e  s e l e c t i v e  i s o l a t i o n  o f  s a l t  m a rsh  b a c t e r i a  a r e
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l i s t e d  i n  T a b l e  1 .  C h i t i n  d e g r a d e r  medium (CDU) c o n s i s t e d  o f  a 
h e te r o t r o p h ic  m arine  a g a r  b a s e  w i t h  an  a g a r  o v e r l a y  o f  f i n e l y  g ro u n d  
r e p r e c i p i t a t e d  c h i t i n  (C a lb io ch em  San Diego,CA) as s o l e  carbon source  
( 8 ) .  S u l f a t e  red u c in g  b a c t e r i a  were i s o l a t e d  on a minimal s a l t s  medium 
(SRM) c o n ta i n in g  sodium s u l f a t e  w ith  a c e t a t e  in s te a d  o f  l a c t a t e  used  as 
th e  carbon  so u rce  (10) under an a tm osphere o f  80% 0^/20% CC^. F e r r o u s  
i r o n  was i n c o r p o r a t e d  i n t o  t h e  m ed ium  a s  a s u l f i d e  i n d i c a t o r .  
Methanogen medium (MM) was m od if ied  from Balch e t  a l .  (2 )  u s in g  a c e t a t e  
and CO^  as carbon  so u rc e s .  R esazu r in  was in c o rp o ra te d  i n t o  a l l  media as 
an Eh i n d i c a t o r .
P l a t e s  w e re  i n o c u l a t e d  a t  30° C f o r  f i v e  days . Zones o f  c l e a r in g  
around c o lo n ie s  on c h i t i n  ag a r  in d ic a te d  th e  p re s e n c e  o f  e x t r a c e l l u l a r  
c b i t i n a s e .  F o r m a t io n  of b la c k  c o lo n ie s  caused by p r e c i p i t a t i o n  o f  FeS 
on SRM was c o n s id e re d  p o s i t i v e  s u l f a t e  r e d u c t io n .  Methane p ro d u c t io n  in  
t h e  h e a d s p a c e  was determ ined  by a  C a r le  gas chrom atograph equipped w ith  
a t h e r m a l  c o n d u c t i v i t y  d e t e c t o r  u s i n g  a P o ra p a k  c o lu m n  ( S u p e l c o ,  
B e l ie fo n te*  PA). Anaerobic t r a n s f e r s  were performed u n t i l  pure  c u l t u r e s  
were o b ta in ed  as confirm ed by l i g h t  m icroscopy on gram s ta in e d  s l i d e s .
A xenic  c u l t u r e s  o f  th e  b a c t e r i a l  types  were in o c u la te d  i n to  Balch 
tubes  (2 ) c o n ta in in g  c h i t i n  c o c u l t u r e  medium (CCM)* a  m in e r a l  s a l t s  
b r o t h  w i th  r e p r e c i p i t a t e d  c h i t i n  a s  s o l e  carbon  sou rce  k ep t under 
(T ab le  1 ) .  The purpose  was to  a s c e r t a i n  w hether s u l f a t e  re d u c e rs  a n d /o r  
methanogens co u ld  degrade  c h i t i n .  Growth was d e f in e d  as th e  p resen ce  of 
COg o r  CH  ^ in  th e  headspace* b la ck e n in g  of th e  medium* o r  f o r m a t i o n  o f 
v o l a t i l e  f a t t y  a c id s  (VFAs)* p a r t i c u l a r l y  a c e t a t e .  VFAs were e x t r a c te d  
from  t h e  medium w i t h  e t h e r  ( 7 )  and  s e p a r a t e d  on a R e s o f l e x  c o lu m n  
( B u r r e l l  C o rp .*  P i t t s b u r g *  PA) b y  a  C a r l e  gas  chromatograph equipped
T a b le  1 .  M edia c o m p o s itio n s  in  g p e r  l i t e r  d i s t i l l e d  w a te r
Media components
C h i t in  d eg rad er  
(CDM) 
...Base Overlav
S u l f a t e
Reducer
(SRM)
Methanogen
(MM)
C h i t in
c o c u l tu r e
(CCM)
m . c r
CaCl2*6H20
MggSt4*6fi20
0 .2 5
30.0 18.0
0 .5
1.0
0 .1
2 .0
30.0
3 .0
25.0 18.0
NaSO,
NaHC(L 3 .0
1 .0
3 .0 2 .0
FeCNHp (SO ) *7H 0 0 .0 4 0 .04 0 .0 4 0 .0 4
FeSO, H 0.1 0.1
1 N HC1 9.0
M ineral 2?" 40 .0  ml
M inera l 3 500.0 ml 500.0ml
Trace M inera ls^ 10.0 ml 10.0 ml 10 .0  ml 10.0ml
Trace V itam ins 10.0 ml 10.0 ml 10.0  ml 10.0ml
Y east Extract(DIFC0) 0 .5 0 .2 0 .2 0 .2
Peptone(BBL) 1 .0
Na G lycerophosphate 0 .1
A ce ta te 2 .0 2 .0
C h i t in 4 .0 4 .0
Cysteine-NaS (1 :1 ) 0 .5 0 .5 0 .5
A scorb ic  Acid 0 .02 0 .02
Na T h io g ly c o la te 0 .02 0.02
0.1% R esazu r in 1 .0  ml 1 .0  ml 1 .0  ml 1 .0ml
Agar 15.0 10.0 15.0 15.0
n2 + •s X
80% H2 /20% C02 + + -
A l l  components below in . g /1  d i s t i l l e d  w a te r  ( 2 ) .
aKH2P04 , 6; (NH4 ) 2 S04* 65 NaCl, 12; MgS04*7H2 0, 2 .6 ; CaCl2*2H2 0, 0 .1 6 .
bKCl, 0 .6 7 ;  MgCl*2H 0 , 5 .5 ;  MgS0.*7H„0, 6 .9 ;  NH.Cl, 0 .5 ;  CaCl,*2H 0 , 0 .2 8 ;  
K2HP04 , 0 .2 8 .  Z Z ^ z
CN i t r i l o a c e t i c  a c id ,  1 .5 ;  MgS0,*7H2 0, 3 .0 ;  MnS0,*2H20, 0 .5 ;  NaCl, 1 .0 ;  
F eS 0 ,* 7 H 0 ,  0 .1 ;  CoSO., 0 .1 ;  CaCl *2H O , 0 .1 ;  ZnSO.f 0 .1 ;  CuS0,*5H O, 0 .0 1 ;  
A1K(S04 ) 2 , 0 .0 1 ;  ^ B O g , 0 .0 1 ;  Na2Mo04*2H20 , 0 .0 1 ;  (pH to  7 .0 )
^ B io t in ,  0 .002 ; f o l i c  a c id ,  0 .002 ; p y r id o x in e  h y d ro c h lo r id e ,  0 .0 1 ;  th iam ine  
h y d ro c h lo r id e ,  0 .005 ; r i b o f l a v i n ,  0 .0 0 5 ;  n i c o t i n i c  a c id ,  0 .0 0 5 ;  DL-calcium 
p a n to th e n a te ,  0 .0 0 5 ; v i ta m in  B . .  , 0 .0001; p-am inobenzoic a c id ,  0 .005 ; 
l i p o i c  a c id ;  0 .0 0 5 .
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w ith  a  flam e io n i z a t i o n  d e t e c t o r .
A f i n a l  e x p e r im e n t  was perform ed to  e v a lu a te  w hether s u l f a t e  red u ce rs  
an d /o r  m e th a n o g en s  c o u ld  grow on t h e  f e r m e n t a t i v e  p r o d u c t s  o f  c h i t i n  
d e g r a d a t i o n .  V a r io u s  com bina tions  of c u l t u r e  ty p es  were in o c u la te d  i n to  
CCM and growth was a s c e r t a in e d  as p r e v io u s ly  d e sc r ib e d .
R esu lts
A t o t a l  of 17 d i f f e r e n t  a n a e r o b i c  c h i t i n o c l a s t i c  c o lo n y  ty p e s  w ere  
observed (Table  2 ) .  E ig h t  were o b l i g a t e  anaerobes  and 9 were f a c u l t a t i v e .  
F iv e  o f  t h e  o b l i g a t e l y  a n a e r o b i c  c h i t i n o c l a s t i c  i s o l a t e s  w e r e  g ram  
p o s i t i v e  m o t i l e  r o d s ,  w h i l e  t h e  o th e r  3 were gram n e g a t iv e  m o t i le  ro d s .  
Of th e  9 f a c u l t a t i v e  i s o l a t e s ,  a l l  were m o t i l e  and gram n e g a t i v e .  One o f  
th e  3 s l e n d e r  ro d s  w ith  g l id in g  m o t i l i t y  was pigm ented. The o th e r  6 were 
m o t i le  by f l a g e l l a .  M o rp h o lo g ic a l ly ,  th e s e  ranged from cocco id  t o  c u rv e d  
and s t r a i g h t  r o d s .  C o lon ies  of cocco id  c e l l s  were lum inescen t when grown 
a e r o b ic a l l y .  A l l  i s o l a t e s  produced some CO^, H^, and v a r i o u s  t y p e s  and 
amounts o f  VFAs.
F iv e  d i s t i n c t  c o lo n ie s  o f  s u l f a t e  r e d u c e r s  w ere  i s o l a t e d  on a c e t a t e .
34-A l l  w e re  o b l i g a t e l y  a n a e ro b ic ,  m o t i l e  rods  t h a t  reduced  Fe to  FeS. The 
4 methanogenic i s o l a t e s  w ere  d i s t i n c t l y  d i f f e r e n t  in  t h e i r  m o rp h o lo g y ,  
m o t i l i t y ,  an d  gram  s t a i n ,  b u t  a l l  g rew  on a c e t a t e  u n d e r  H^/CO^ and 
produced methane. None o f th e  s u l f a t e  red u c in g  o r  m e th a n o g e n ic  i s o l a t e s  
g re w  on  c h i t i n  a s  s o l e  c a r b o n  s o u r c e ,  n o r  p ro d u c e d  any m e a s u r a b le  
d e g ra d a t io n  p ro d u c ts .
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T a b le  2 .  Sedim ent i s o l a t e s  on a g a r  p l a t e s
I s o l a t e  O b lig a te  Gram s t a i n  M o t i l i t y  Morphology Pigment Lumin-
anaerobe  escence
CDl + + + Rod - -
CD2 + + + Rod — -
CD3 - - + Curved Rod - -
CD4 + + + Rod -
CD5 - - G lid ing Rod - -
CD6 - - + Coccoid - +
CD7 + - + Rod - -
CD8 + + + Rod - -
CD9 + - + Rod - -
CDlO - - G lid ing Rod Yellow
CD11 - - + Curved Rod - -
CD12 + + + Rod - -
CD13 - - + Rod - -
CD14 - - + Coccoid - +
CDl 5 - - G lid ing Rod - -
CDl 6 + - + Rod - -
CDl 7 - - + Curved Rod - -
SRI + - +
SR2 + - +
SR3 + + +
SR4 + - +
SR5 + - +
Curved Rod -  NAa
Curved Rod -  NA
Rod -  NA
Rod -  NA
Curved Rod -  NA
Ml + + + Coccoid I T  A i m
M2 + + - Coccoid - NA
M3 + + + Rod - NA
M4 + - + Rod - NA
aNot A p p lic ab le
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R e s u l t s  o f  mixed c u l t u r e  experim ents  u s in g  v a r io u s  c o m b in a t io n s  o f  
c h i t i n o c l a s t s ,  s u l f a t e  r e d u c e r s ,  and methanogens were s i m i l a r .  The most 
m e ta b o l ic a l ly  a c t i v e  c o c u l t u r e s ,  shown in  Table  3 ,  a r e  r e p r e s e n t a t i v e  of 
t h e  e n t i r e  d a t a  s e t .  As p r e v i o u s l y  m e n t io n e d ,  t h e  c h i t i n o c l a s t i c  
b a c t e r i a  degraded c h i t i n  producing H^, and a c e t a t e .  In  some c a s e s
a  s e r i e s  o f  VFAs was p roduced , in c lu d in g  p ro p io n a te  and b u t y r a t e .
Combinations o f  c h i t i n o c l a s t s  w i t h  s u l f a t e  r e d u c e r s  showed two 
d i s t i n c t  p a th w ay s  o f  s u l f a t e  r e d u c t i o n ,  an  a c e t o c l a s t i c  r o u te  where 
a c e t a t e  i s  o x id iz e d  to  C0^ producing  s u l f i d e  and a ^ “ U t i l i z i n g  r o u t e  
w here  s u l f a t e  i s  d i r e c t l y  r e d u c e d .  These r e s u l t s  a r e  c o n s i s t e n t  w ith  
th e  f in d in g s  o f  o th e r s  (1 1 ) .  B e c a u se  s u l f i d e  was o n ly  q u a l i t a t i v e l y  
d e t e r m i n e d ,  th e  r e l a t i v e  m agnitude of s u l f a t e  r e d u c t io n  by each i s o l a t e  
was unknown. C o cu l tu res  o f  methanogens and  c h i t i n o c l a s t s  r e s u l t e d  in  
t h e  p r o d u c t i o n  o f CH  ^ w ith  d e c re a se s  in  H^and CO^. U n fo r tu n a te ly ,  none 
o f th e  methanogenic i s o l a t e s  cou ld  fe rm ent a c e t a t e  to  CH^.
C o c u l t u r e s  o f  c h i t i n  d e g r a d e r s  w i t h  b o t h  s u l f a t e  r e d u c e r s  and 
m e th a n o g en s  showed t h e  a b i l i t y  o f  m e th a n o g en s  t o  c o m p e t e  f o r  t h e  
l i m i t i n g  r e s o u r c e ,  h y d ro g e n .  An H ^ - u t i l i z in g  methanogen in  c o c u l tu r e  
w ith  an a c e t o c l a s t i c  s u l f a t e  r e d u c e r  produced more methane than  th e  same 
m e th an o g en  c u l t u r e d  w i t h  an  H ^ - u t i l i z i n g  s u l f a t e  r e d u c e r .  Because no 
a c e t o c l a s t i c  methanogens were i s o l a t e d ,  o b s e r v a t i o n s  on i n t e r s p e c i f i c  
c o m p e t i t i o n  b e tw e e n  a c e t o c l a s t i c  s u l f a t e  re d u c e rs  and methanogens were 
n o t  p o s s ib l e .
I t  m u s t  b e  e m p h a s i z e d  t h a t  t h i s  s t u d y  w as n o t  d e s ig n e d  t o  
taxonom ica lly  c h a r a c t e r i z e  t h e  b a c t e r i a  i n v o lv e d  i n  a n a e r o b i c  c h i t i n  
d e c o m p o s i t io n  b u t  t o  d e t e r m i n e  w h ich  m e t a b o l i c  ty p e s  a r e  im p o r tan t .
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T ab le  3 .  C o c u l tu re  e x p e r im e n ta l  r e s u l t s  in  mmole/lOOmmole c h i t i n
C u l tu re s
CD3 CD3 CD3 CD3 CD3 
P ro d u c t  CD3 SR4 SRI M2 M2 M2
SEA SRI
A c e ta te  4 7 .9  3 5 .2  4 4 .6  51 .3  3 1 .4  46.1
H2 1 0 .9  9.1  NDa ND ND ND
C02 11 .7  2 7 .2  ND ND 12 .4  ND
CH. ND ND ND 20 .6  15 .4  2 .14
2 -
S  -  +  +  -  +  +
£
Not D e te c ta b le
62
C l e a r l y ,  t h e r e  e x i s t s  i n  anoxic  s a l t  m arsh  s e d i m e n t s ,  a  c o n s o r t i u m  o f  
c h i t i n  fe rm e n tin g  b a c t e r i a  whose en dproduc ts  a r e  coup led  t o  b o th  s u l f a t e  
r e d u c t io n  and m ethanogenesis  i n  p u re  c u l t u r e .  The r e l a t i v e  c o n t r i b u t i o n  
o f  t h e s e  m e t a b o l i c  t y p e s  t o  t h e  t o t a l  f l u x  o f  c a r b o n  from c h i t i n  in  
u n d is tu rb e d  anoxic  sed im en ts  a w a i ts  f u r t h e r  s tu d y .
The a u t h o r  would l i k e  to  thank  th e  te a c h in g  s t a f f  o f  th e  M ic ro b ia l  
Ecology c o u rse  a t  th e  MBL, Woods H ole , MA.; e s p e c i a l l y  D r. Ralph S. Wolfe 
f o r  h i s  in v a lu a b le  gu id an ce  i n  a n ae ro b ic  m ic ro b io lo g y .
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Addendum In  P ro o f
A f t e r  t h i s  p a p e r  had  b e e n  a c c e p te d *  I  becam e a w a re  o f  a  r e c e n t  
European p u b l i c a t i o n  by  D r s .  R o e l  P e l  and J a n  C. G o t t s c h a l  e n t i t l e d  
" M e s o p h i l i c  c h i t  i n - d e g r a d i n g  a n a e r o b e s  i s o l a t e d  f ro m  an e s t u a r i n e  
e n v i r o n m e n t ” (FEMS M icrob  E c o l  3 8 : 3 9 - 4 9 ) .  T h i s  a r t i c l e  d e s c r i b e s  
c u l t i v a t i o n  a n d  c h a r a c t e r i z a t i o n  o f  e i g h t  s t r a i n s  o f  o b l i g a t e l y  
a n a e ro b ic  c h i t i n o l y t i c  b a c t e r i a  and th e  f e r m e n ta t io n  p ro d u c ts  r e s u l t i n g  
f ro m  t h e i r  growth ( a c e ta t e *  e th a n o l ,  fo rm a te ,  hydrogen , carbon  d io x id e ,  
and ammonium)•
SUMMARY AND CONCLUSIONS
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The energy  c o n ta in ed  in  dead o rg a n ic  m a t t e r  i s  t h e  b a s i s  f o r  a l l  
d e c o m p o s i t i o n  p r o c e s s e s .  The r o l e  o f  t h e  m ic ro b e  i s  to  e x t r a c t  and 
r e l e a s e  t h i s  e n e r g y .  T h e r e f o r e ,  i t  i s  t h e  m ic ro b e s  t h a t  d r i v e  a l l  
m i n e r a l  c y c l i n g  on  t h i s  p l a n e t .  W ith o u t  t h e  c o n s t a n t  b i o l o g i c a l  
reworking o f  carb o n , n i t r o g e n ,  phosphorus, e t c . ,  t h e  e a r t h  would soon be 
swamped u n d e r  a  b l a n k e t  of nondegradab le  o rg a n ic  m a tr ix .  In  t im e , a l l  
b i o l o g i c a l l y  a v a i l a b l e  m in e ra ls  would be  i r r e v e r s i b l y  bound.
So why s tu d y  c h i t i n  d e c o m p o s i t i o n  when t h e r e  a r e  so many more 
im portan t c y c le s  to  decode? Hot j u s t  because  i t  i s  t h e r e ,  b u t  b e c a u s e  
i t  i s  p r e s e n t  i n  s u c h  a b u n d a n c e .  C h i t i n  i s  t h e  m a jo r  s t r u c t u r a l  
component o f  c o u n t l e s s  i n v e r t e b r a t e  o r g a n i s m s ;  f u n g i ,  c h r y s o p h y t e s ,  
m o l l u s k s ,  a r t h r o p o d s  i n c l u d i n g  c r u s t a c e a n s ,  i n s e c t s ,  and a ra c h n id s .  
Annual c h i t i n  p r o d u c t i o n  i s  e s t i m a t e d  t o  b e  g r e a t e r  t h e n  10 b i l l i o n  
t o n s .  H o s t  o f  t h i s  p r o d u c t i o n  o c c u r s  i n  t h e  w o r l d ' s  o c ea n s  and 
e s t u a r i e s .  The i n p u t  o f  c h i t i n  t o  t h e  a q u a t i c  e n v i ro n m e n t  i s  much 
g r e a t e r  t h a n  t h a t  o f  c e l l u l o s e .  I t  i s  s u r p r i s in g  t h a t  such a m ass ive  
carbon so u rce  has remained a lm o s t  i n v i s i b l e  t o  e c o l o g i s t s  f o r  s u c h  a 
lo n g  t im e .  To my k n o w le d g e ,  i t  h a s  n e v e r  been  in c o rp o ra te d  i n to  any 
a q u a t ic  system s modelB, l e t  a l o n e  d i s c u s s e d  i n  any e c o lo g y  t e x t s .  I  
b e l i e v e  t h e r e  a r e  two m ain  r e a s o n s  f o r  t h i s  o v e r s ig h t ,  ignorance  and 
avo idance .
C h i t i n  d o e s  n o t  p i l e  up i n  a s h o r e l in e  wrack a f t e r  a  storm , n o r  i s  
i t  e a s i l y  v i s i b l e  when g a z in g  o v e r  a  m a r s h  o r  r i v e r  ( e x c e p t  f o r  
i n s e c t s ) .  The o rg a n is m s  t h a t  p ro d u c e  c h i t i n  a r e ,  f o r  th e  most p a r t ,  
sm all and inco n sp icu o u s .  Most r e s e a r c h e r s  do n o t  r e a l i z e  th e  amount o f  
c a r b o n  t i e d  up in  c h i t i n o u s  m a t e r i a l .  F o r  example, copepods a r e  th e  
most abundant m u l t i c e l l u l a r  anim al on e a r t h  (B r iso u  e t  a l .  1964) . Each
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o r g a n i s m  p ro d u c e s  and  c a s t s  o f f  11 e x o s k e l e t o n s  b e f o r e  i t  r e a c h e s  
a d u l th o o d .  The n e t  r e s u l t  i s  b i l l i o n s  o f  tons  o f  c h i t i n  p ro d u c e d  e a c h  
y e a r  by copepods a lo n e .
Ignorance  a lo n e  canno t e x p la in  th e  d e a r th  o f  in fo rm a t io n  on c h i t i n  
c y c l i n g .  C h i t in  happens to  be d i f f i c u l t  polymer to  q u a n t i f y ,  e s p e c i a l l y  
in  sed im en ts .  T h e re  i s  no s im p le  c h e m ic a l  m ethod o f  d i s t i n g u i s h i n g  
c h i t i n  f ro m  o th e r  d e t r i t u s  t h a t  i s  n o t  o v e r ly  s e n s i t i v e  to  i n t e r f e r e n c e  
by  n a t u r a l l y  o c c u r r in g  compounds. I n  t h e  p a s t ,  t h e  o n ly  m e th o d s  f o r  
o b t a i n i n g  d e g r a d a t i o n  r a t e s  w e r e  c o l o r i m e t r i c  and g r a v i m e t r i c .  
C o lo r im e t r ic  t e s t s  a r e  a c c e p ta b le  f o r  d e te rm in in g  c h i t i n  c o n te n t  o f  c rab  
s h e l l s  o r  f i l t e r e d  w a te r  samples b u t  cannot b e  used  in  sed im ent system s. 
G r a v i m e t r i c  a n a l y s i s  h a s  i t s  own d ra w b a c k s ,  t h a t  o f  e x t r a p o l a t i n g  
d i s a p p e a r a n c e  o f  s u b s t r a t e  in  mesh bags to  r a t e  o f  decay . Both methods 
do no t p ro v id e  in fo rm a t io n  as  to  th e  f a t e  o f  th e  degraded c h i t i n .  I t  i s  
f o r  th e s e  rea so n s  t h a t  I  a t tem p ted  t o  develop  a more a p p r o p r ia t e  a s s a y .
I t  i s  c l e a r  from C hapter 1 t h a t  t h i s  g o a l  has been a c h ie v e d .  I t  i s  
p o s s i b l e  t o  s y n t h e s i z e  c h i t i n  t h a t  i s  r a d io la b e l e d  in  th e  glucosam ine 
backbone. The l a b e l  d id  n o t  le ac h  ou t when t r e a t e d  by  s t r o n g  a c i d  and 
b a s e ,  p r o v in g  t h a t  n o n - c o v a l e n t l y  bound  ex o g en o u s  m a t e r i a l  i n  t h e  
c u t i c l e  was no t m is ta k e n ly  i d e n t i f i e d  as  c h i t i n .
The p u r p o s e  o f  t h i s  a s s a y  w as t o  p r o v i d e  i n t r i n s i c  c h i t i n  
d e g ra d a t io n  and m in e r a l i z a t i o n  r a t e  e s t im a te s  under c o n d i t io n s  fo u n d  i n  
t h e  e s t u a r y  f o r  u se  in  a s im u la t io n  model (F ig .  1 ) .  The model would be 
used  to  p r e d i c t  th e  f a t e  o f  c h i t i n  i n  t h e  e s t u a r y  a s  i t  i s  p r o c e s s e d  
th r o u g h  t h e  d i f f e r e n t  compartments (T ab le  1 ) .  I t  i s  ap p a ren t  t h a t  th e
F ig u r e  1* Diagram o f  c h i t i n  model
£  d  -P  dJ
bo p  bo
CMOO
V \  CM
S  °X  o
to  CM
S °X  O
pO P
O  o  o  p  h  a)x  a> ®
CM P  P  
Q O  Cl X  h  at
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T ab le  1 .  Components o f  c h i t i n  m odel
Symbol A b b re v ia t io n D e s c r ip t io n
X01 C h i t in T o ta l  amount o f  p a r t i c u l a t e  c h i t i n  inpu t 
to  th e  system
X02 A erobic  Bact 1 A erobic  c h i t i n o c l a s t i c  b a c t e r i a l  p o p u la t io n  
in  th e  w a te r  column
X03 A erobic Bact 2 A erobic c h i t i n o c l a s t i c  b a c t e r i a l  p o p u la t io n  
in -sed im en ts
X04 A naerobic Bact Anaerobic c h i t i n o c l a s t i c  b a c t e r i a l  popula­
t io n  in  th e  sed im ents
X05 co2 D isso lv ed  carbon  d io x id e  in  th e  w a te r  column 
d e r iv e d  from c h i t i n
X06 nh4 D isso lved  ammonium in  th e  w a te r  column 
d e r iv ed  from c h i t i n
X07 DOC D isso lved  o rg an ic  carbon  in  th e  w a ter  column 
d e r iv e d  from c h i t i n
X08 co2 D isso lved  carbon  d io x id e  in  a e ro b ic  s e d i ­
ments d e r iv e d  from c h i t i n
X09 DOC D isso lv ed  o rgan ic  carbon  in  a e ro b ic  s e d i ­
ments d e r iv e d  from c h i t i n
X10 nh4 D isso lved  ammonium i n  ae ro b ic  and an aerob ic  
sed im ents  d e r iv e d  from c h i t i n
XI1 C02 D isso lv ed  carbon  d io x id e  in  an ae ro b ic  sed im ents  d e r iv e d  from c h i t i n
X12 H2 D isso lved  hydrogen in  an ae ro b ic  sedim ents  d e r iv e d  from c h i t i n
X13 DOC D isso lv ed  o rg an ic  carbon  in  an ae ro b ic  s e d i ­
ments d e r iv e d  from c h i t i n
X14 Methanogen 1 P o p u la t io n  o f  C02- u t i l i z i n g  m ethanogenic 
b a c t e r i a  in  an ae ro b ic  sed im ents
X15 SR 1 P o p u la t io n  o f  ^ - u t i l i z i n g  s u l f a t e  reduc ing  
b a c t e r i a  in  an ae ro b ic  sed im ents
X16 SR 2 P o p u la t io n  o f  a c e t o c l a s t i c  s u l f a t e  red u c in g  
b a c t e r i a  in  an ae ro b ic  sed im ents
X17 Methanogen 2 P o p u la t io n  o f  a c e t o c l a s t i c  methanogenic 
b a c t e r i a  in  an ae ro b ic  sed im ents
XI8 so4 D isso lved  s u l f a t e  in  an aerob ic  sed im ents
XI9 CH.4 D isso lv ed  methane in  an aerob ic  sed im ents
X20 HS- D isso lv ed  hydrogen s u l f i d e  in  a n ae ro b ic  
sedim ents
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system  ia  more complex th a n  f i r s t  r e c o g n iz e d .  F o r  exam ple, w a te r  column 
c h i t i n  d e g r a d a t i o n  d o e s  n o t  s e e m  t o  b e  c o u p l e d  t o  t h e  b e n t h o s .  
C h i t i n o c l a s t i c  b a c t e r i a  i n  t h e  w a t e r  c o lu m n  w e re  m o s t  e f f i c i e n t  a t  
d e g r a d i n g  and r e s p i r i n g  c h i t i n  c a rb o n .  These r e s u l t s  do n o t  a g re e  w i th  
th o s e  o f  o t h e r s  (Hood, 1973; L i s to n  e t  a l . ,  1 9 6 5 ;  an d  S e k i ,  1 9 6 5 )  who 
s t a t e  t h a t  t h e  m o s t  r a p i d  r a t e s  o f  c h i t i n o l y s i s  o c c u r  i n  o r  on th e  
s e d im e n ts .  T h is  d i s c r e p a n c y  may have  b e e n  d u e  to  t h e  u s e  o f  s e d im e n t  
s l u r r i e s  n o t  a p p r o x i m a t i n g  t r u e  s e d im e n t  c o n d i t i o n s .  N e v e r th e le s s ,  
b a s i c  m e ta b o l ic  d i f f e r e n c e s  w e re  s e e n  i n  t h e  f a t e  o f  p a r e n t  compound 
be tw een  w a te r  column and sed im en t c h i t i n o c l a s t s .
I n  t h e  w a t e r  c o lu m n ,  c h i t i n o c l a s t i c  b a c t e r i a  c a n  c o l o n i z e  t h e  
c h i t i n  p r i o r  to  e c d y s i s  o r  d e a th  o f  th e  a n im a l .  In  f a c t ,  c h i t i n o c l a s t i c  
b a c t e r i a  a r e  r e s p o n s i b l e  f o r  many i n v e r t e b r a t e  d i s e a s e s  (H e ss ,  1937 and 
K r a n t z  e t  a l . ,  1 9 6 9 ) .  I f  t h e  p a r t i c l e  w ere  sm all enough o r  th e  w a te r  
column deep enough, t h e r e  would be  ample t im e  f o r  c h i t i n  t o  b e  t o t a l l y  
m i n e r a l i z e d  w i t h i n  t h e  w a t e r  c o lu m n .  T e s t i n g  f o r  ta x o n o m ic  and 
m e t a b o l i c  d i f f e r e n c e s  b e tw e e n  c h i t i n o c l a s t s  by h a b i t a t  w o u ld  t e l l  
w h e t h e r  t h e  d i f f e r e n c e s  in  r a t e s  betw een  w a te r  column and sed im en ts  a r e  
d u e  t o  p h y s i o l o g i c a l  o r  e x t e r n a l  f o r c e s .  P e r h a p s  w a t e r  c o lu m n  
c h i t i n o c l a s t s  a r e  a s s i m i l a t i n g  th e  p r o t e i n  a s s o c i a t e d  w i th  th e  c u t i c l e  
a s  c a rb o n  s o u rc e  w h i l e  r e s p i r i n g  t h e  c h i t i n  f o r  e n e r g y .  T h i s  w ou ld  
h e l p  t o  e x p l a i n  t h e  a n o m a l l y  o f  b a c t e r i a l  g r o w th  w i t h o u t  s e e i n g  
s i g n i f i c a n t  l a b e l  i n c o r p o r a t i o n  i n t o  b i o m a s s .  The o b v i o u s  n e x t  s t e p  
w o u ld  b e  t o  s p e c i f i c a l l y  r a d i o l a b e l  th e  c u t i c l u l a r  p r o t e i n  and r e p e a t  
t h e  e x p e r im e n ts .
R e s u l t s  f r o m  C h a p t e r  2 show t h a t  r a t e s  v a r y  a s  a  f u n c t i o n  o f  
t e m p e r a tu r e ,  in o c u lu m  s o u r c e ,  and o x y g en  c o n d i t i o n .  E x c e p t  f o r  t h e
72
w a t e r  c o lu m n ,  a l l  r a t e B  w e re  s i g n i f i c a n t l y  s lo w e r  a t  15° v s .  25° C. 
There  i s  a  p o s s i b i l i t y  t h a t  t h e  r a t e  o f  d e g ra d a t io n  i n  th e  w a t e r  co lum n 
a t  2 5 °  C was a c t u a l l y  l im i t e d  by some o th e r  v a r i a b l e  n o t  accoun ted  f o r ,  
such a s  n u t r i e n t  o r  oxygen c o n c e n t r a t i o n .  I f  t h i s  i s  t r u e ,  t h e n  e v en  
m ore  r a p i d  r a t e s  o f  c h i t i n  d e g ra d a t io n  in  t h e  w a te r  column may occu r  in  
n a tu r e .
W i t h i n  a e r o b i c  s e d i m e n t s  a  d i f f e r e n t  s i t u a t i o n  e x i s t s .  
C h i t i n o c l a s t s  a r e  p r e s e n t  in  l a r g e  numbers and d e g ra d e  c h i t i n  a t  r a t e s  
s i m i l a r  t o  t h e  w a te r  column. The d i f f e r e n c e  i s  t h a t  t h e  d e g ra d a t io n  of 
c h i t i n  in  sed im en ts  r e s u l t s  in  th e  p ro d u c t io n  o f a  s i g n i f i c a n t  d i s s o lv e d  
o r g a n i c  c a r b o n  p o o l .  T h i s  may be  caused  by t h e  p re se n c e  o f  an ae ro b ic  
m i c r o - n i c h e s  o r  b e c a u s e  s e d im e n t  c h i t i n o c l a s t s  do n o t  p o s s e s s  t h e  
n e c e s s a r y  enzym es t o  e f f e c t  co m p le te  m i n e r a l i z a t i o n  o f  c h i t i n  t o  CO^,  
E v e n tu a l ly  t h e  DOC p o o l  i s  a s s i m i l a t e d  by  o t h e r  m e t a b o l i c  t y p e s  o f  
s e d im e n t  b a c t e r i a .  The c o m p e t i t i o n  f o r  t h i s  poo l by h e te r o t r o p h s  has 
th e  e f f e c t  o f  un co u p lin g  c h i t i n  d e g r a d a t i o n  f ro m  m i n e r a l i z a t i o n .  The 
u n c o u p l i n g  becomes even more pronounced under  s t r i c t  a n a e r o b io s i s  where 
t h e r e  a r e  no c o m p e t in g  h e t e r o t r o p h i c  b a c t e r i a .  I n  t h i s  c a s e ,  t h e  
e n d p r o d u c t s  o f  c h i t i n  f e r m e n t a t i o n  becom e c a rb o n  so u rc es  f o r  B u l fa te  
red u c in g  and m e th a n o g e n ic  b a c t e r i a .  Even a t  t h i s  low  e n e r g y  l e v e l ,  
t h e r e  i s  i n t e r s p e c i e s  c o m p e t i t i o n  b e tw e e n  t h e s e  g r o u p s .  When H^ ** 
u t i l i z i n g  s u l f a t e  r e d u c e r s  and methanogens were c o c u l t u r e d ,  t h e  s u l f a t e  
r e d u c e r s  o u t  c o m p e ted  t h e  m e th a n o g e n s .  When an a c e t o c l a s t i c  s u l f a t e  
r e d u c e r  was c o c u l tu re d  w i th  a  H ^ - u t i l i z i n g  methanogen, b o th  g r o u p s  g rew  
w e l l  b e c a u s e  o f  r e s o u r c e  p a r t i t i o n i n g .  The end r e s u l t  o f  c h i t i n  
d e g ra d a t io n  in  a n ae ro b ic  sed im en ts  i s  th e  e v e n tu a l  d i f f u s i n g  o f  c h i t i n  
c a r b o n  i n  t h e  fo rm  o f  CO^, CH^> o r  v o l a t i l e  f a t t y  a c i d s  up t o  t h e
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aero b ic  zone a l lo w in g  f u r t h e r  o x i d a t i o n  t o  o c c u r  a t  a p o i n t  in  t im e  
removed from th e  a c tu a l  d e g ra d a t io n .
In  summary:
1 .  C h i t i n  i s  an im p o rtan t b u t  n e g le c te d  carbon  source  in  e s tu a r in e  
systems and may p la y  a  much more im portan t r o l e  in  g lo b a l  carbon  budgets  
th a n  p re v io u s ly  acknowledged.
2 .  S p e c i f i c a l l y  r a d i o l a b e l e d  c h i t i n  c a n  b e  s y n t h e s i z e d  i n  
q u a n t i t i e s  n e c e s sa ry  f o r  f a c t o r i a l  ex p e r im en ts .
3 .  C h i t in  i s  degraded  and m in e ra l iz e d  r a p id ly  b y  b a c t e r i a  p r e s e n t  
in  th e  w a te r  and sed im en ts .
4 .  Water column m in e r a l i z a t i o n  i s  more r a p id  and c o m p le te  t h a n  i n  
t h e  s e d im e n ts  and may r e p r e s e n t  a m ajor lo s s  o f  carbon  from th e  a q u a t ic  
system .
5 .  E n d p r o d u c t s  o f  c h i t i n  f e r m e n t a t i o n  a r e  c o u p le d  t o  o t h e r  
b a c te r ia *  e s p e c i a l l y  s u l f a t e  re d u c e rs  and methanogens, v i a  i n t e r s p e c i e s  
s u b s t r a t e  c o m p e t i t io n .
I t  i s  obvious t h a t  I  have n o t  answered a l l  th e  q u e s t io n s  concern ing  
t h e  f a t e  o f  c h i t i n  i n  th e  e s tu a r y .  Much more in fo rm a t io n  i s  n e ce s sa ry  
to  produce an a c c u ra te  s im u la t io n  m odel. What I  h a v e  done  i s  p r o v i d e  
some p o t e n t i a l  r a t e  e s t im a te s  and a g e n e r a l  framework o f  c h i t i n  c y c l in g  
to  b e  b u i l t  upon by f u tu r e  experim entors*
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